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ENCODING APPARATUS, DECODING
APPARATUS AND METHODS THEREOF

TECHNICAL FIELD

The present invention relates to an encoding apparatus,
decoding apparatus, and methods thereof, used 1n a commu-
nication system that encodes and transmits a signal.

BACKGROUND ART

When a speech or music signal 1s transmitted 1n a packet
communication system typified by Internet communication, a
mobile communication system, or the like, compression and

encoding technologies are often used 1n order to increase the
transmission efficiency of the speech or music signal. In
recent vears, while a speech or music signal 1s simply
encoded at a low bit rate, there has been a growing need for a
technology that encodes a wider-band speech or music signal.

In response to such a need, various technologies have been
developed that encode a wideband speech or music signal
without greatly increasing the amount of information after
encoding. For example, Patent Literature 1 discloses a tech-
nology whereby a characteristic of a frequency high-band
part among spectral data obtained by converting an input
audio signal of a fixed time 1s generated as auxiliary informa-
tion, and this 1s output together with low-band part coded
information.

CITATION LIST
Patent Literature

PTL 1

Japanese Patent Application Laid-Open No. 2003-255973
PTL 2

WO 2007/052088

SUMMARY OF INVENTION

Technical Problem

However, with the band enhancement technology dis-
closed 1n above Patent Literature 1, a low-band part of an
input signal and a high-band part generated using auxiliary
information are decided beforehand 1n a fixed manner. There-
fore, since the same coding method 1s used when high-band
part spectral data of an input signal 1s minute, or conversely
when high-band part spectral data has extremely high energy,
or when high-band part spectral data has a complex wave-
form, for example, there 1s a problem of coding efficiency not
being high. When auxihiary information 1s encoded at a low
bit rate, in particular, the quality of decoded speech generated
using calculated auxihiary information 1s inadequate, and in
some cases there 1s a possibility of an allophone being gen-
erated.

It 1s an object of the present invention to provide an encod-
ing apparatus, decoding apparatus, and methods thereof that
enable coding of high-band part spectral data to be performed
eificiently, based on low-band part spectral data, for a signal
such as a wideband signal (7 kHz band) or ultrawideband
signal (14 kHz band), and enable the quality of a decoded
signal to be improved.

Solution to Problem

One aspect of an encoding apparatus according to the
present mvention performs band enhancement using a low-
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2

band side spectrum and generates a high-band side spectrum,
and employs a configuration comprising: a band setting sec-
tion that inputs an iput signal of the frequency domain and
uses a characteristic of the input signal of the frequency
domain as a basis, or inputs an input signal of the frequency
domain and a coding parameter and uses the coding param-
cter and/or a characteristic of the input signal of the frequency
domain as a basis, for generating band setting information
that decides a first band of a high-band side set by the band
enhancement; and a high-band coding section that encodes
the mput signal of the first band decided based on the band
setting information and generates high-band part coded infor-
mation.

One aspect of a decoding apparatus according to the
present mvention receives and decodes coded information
generated by an encoding apparatus that performs band
enhancement using a low-band side spectrum of an 1nput
signal of a frequency domain and generates a high-band side
spectrum, and employs a configuration comprising: a recep-
tion section that recerves coded information including high-
band part coded mformation generated by encoding an input
signal of a first band that 1s a high-band side of the frequency
domain, low-band part coded information generated by
encoding the input signal of a second band of a low-band side
of the frequency domain, and band setting information of the
first band set based on a characteristic of an input signal of the
frequency domain and/or a coding parameter included 1n the
coded information; a low-band decoding section that gener-
ates a low-band decoded signal for the second band using the
low-band part coded information; and a high-band decoding
section that generates a high-band decoded signal for the first
band using the high-band part coded information and the
band setting information, and generates a decoded signal of
the frequency domain using the low-band decoded signal and
the high-band decoded signal.

One aspect of a coding method according to the present
invention performs band enhancement using a low-band side
spectrum and generates a high-band side spectrum, and com-
prises: a band setting step of inputting an input signal of the
frequency domain and using a characteristic of the input
signal of the frequency domain as a basis, or mputting an
input signal of the frequency domain and a coding parameter
and using the coding parameter and/or a characteristic of the
input signal of the frequency domain as a basis, for generating
band setting information that decides a first band of a high-
band side set by the band enhancement; and a high-band
encoding step of encoding the mput signal of the first band
decided based on the band setting information and generating
high-band part coded information.

One aspect of a decoding method according to the present
invention receives and decodes coded information generated
by an encoding apparatus that performs band enhancement
using a low-band side spectrum of an iput signal of the
frequency domain and generates a high-band side spectrum,
and comprises: a recerving step of recerving coded 1informa-
tion including high-band part coded information generated by
encoding an input signal of a first band that 1s a high-band side
of the frequency domain, low-band part coded information
generated by encoding the mput signal of a second band of a
low-band side of the frequency domain, and band setting
information of the first band set based on a characteristic of an
input signal of the frequency domain and/or a coding param-
cter included 1n the coded information; a low-band decoding
step of generating a low-band decoded signal for the second
band using the low-band part coded information; and a high-
band decoding step of generating a high-band decoded si1gnal
tfor the first band using the high-band part coded information
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and the band setting information, and generating a decoded
signal of the frequency domain using the low-band decoded
signal and the high-band decoded signal.

Advantageous Effects of Invention

The present ivention enables coding of high-band part
spectral data such as a wideband signal or an ultrawideband
signal to be performed efficiently, and enables the quality of
a decoded signal to be improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing the configuration of a
communication system having an encoding apparatus and
decoding apparatus according to Embodiment 1 of the
present mvention;

FIG. 2 15 a block diagram showing the internal principal-
part configuration of the encoding apparatus shown 1n FI1G. 1;

FIG. 3 1s a block diagram showing the internal principal-
part configuration of the coding section shown 1n FIG. 2;

FIG. 4 15 a block diagram showing the internal principal-

part configuration of the low-band coding section shown in
FIG. 3;

FIG. 5 15 a block diagram showing the internal principal-

part configuration of the high-band coding section shown in
FIG. 3;

FIG. 6 1s a drawing for explaining details of filtering pro-
cessing by the filtering section shown 1n FIG. §;

FI1G. 7 1s a flowchart showing the processing procedure for
finding optimal pitch coetficient T, for subband SB in the
search section shown 1n FIG. 5;

FIG. 8 15 a block diagram showing the internal principal-
part configuration of the decoding apparatus shown 1n FI1G. 1;

FIG. 9 15 a block diagram showing the internal principal-
part configuration of the decoding section shown in FIG. 8;

FI1G. 10 1s a block diagram showing the internal principal-
part configuration of the low-band decoding section shown in
FIG. 9;

FIG. 11 1s a block diagram showing the internal principal-
part configuration of the high-band decoding section shown
in FI1G. 9;

FIG. 12 15 a block diagram showing the internal principal-
part configuration ol an encoding apparatus according to
Embodiment 2 of the present invention;

FI1G. 13 1s a block diagram showing the internal principal-
part configuration of the second layer coding section shown in
FIG. 12;

FI1G. 14 1s a block diagram showing the internal principal-
part configuration of the low-band coding section shown in
FIG. 13;

FI1G. 15 1s a block diagram showing the internal principal-
part configuration of the high-band coding section shown in
FIG. 13;

FIG. 16 1s a block diagram showing the internal principal-
part configuration of a decoding apparatus according to
Embodiment 2 of the present invention;

FI1G. 17 1s a block diagram showing the internal principal-
part configuration of the second layer decoding section shown
in FIG. 16;

FIG. 18 1s a block diagram showing the internal principal-
part configuration of the high-band decoding section shown
in FI1G. 17;

FI1G. 19 1s a block diagram showing the internal principal-
part configuration ol an encoding apparatus according to
Embodiment 3 of the present invention;
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FIG. 20 1s a block diagram showing the internal principal-
part configuration of the second layer coding section shown in
FIG. 19;

FIG. 21 1s a block diagram showing the internal principal-
part configuration of the high-band coding section shown in
FIG. 20;

FIG. 22 15 a block diagram showing the internal principal-
part configuration of a decoding apparatus according to
Embodiment 3 of the present invention;

FIG. 23 15 a block diagram showing the internal principal-
part configuration of the second layer decoding section shown
in FI1G. 22;

FIG. 24 15 a block diagram showing the internal principal-
part configuration ol an encoding apparatus according to
Embodiment 4 of the present invention;

FIG. 25 15 a block diagram showing the internal principal-
part configuration of the second layer coding section shown in
FIG. 24;

FIG. 26 15 a block diagram showing the internal principal-
part configuration of the band enhancement coding section
shown 1n FIG. 25;

FIG. 27 1s a block diagram showing the internal principal-
part configuration of the residual spectrum coding section
shown 1 FIG. 25;

FIG. 28 i1s a drawing showing conceptually a correspon-
dence relationship between an encoded/decoded spectrum
band and amount of information (coding bit rate) 1mn each
layer;

FIG. 29 15 a block diagram showing the internal principal-
part configuration of a decoding apparatus according to
Embodiment 4 of the present invention;

FIG. 30 1s a block diagram showing the internal principal-
part configuration of the second layer decoding section shown
in FIG. 29;

FIG. 31 1s a block diagram showing the internal principal-
part configuration of the residual spectrum decoding section
shown 1n FIG. 30;

FIG. 32 15 a block diagram showing the internal principal-
part configuration of the band enhancement decoding section
shown 1n FIG. 30; and

FIG. 33 1s a drawing showing conceptually another corre-
spondence relationship between an encoded/decoded spec-
trum band and amount of information (coding bit rate) in each
layer;

DESCRIPTION OF EMBODIMENTS

Now, embodiments of the present mvention will be
described 1n detail with reference to the accompanying draw-
ings. In the following descriptions, a speech encoding appa-
ratus and speech decoding apparatus are taken as examples of
an encoding apparatus and decoding apparatus according to
the present invention.

Embodiment 1

FIG. 1 1s a block diagram showing the configuration of a
communication system having an encoding apparatus and
decoding apparatus according to Embodiment 1 of the
present mvention. In FIG. 1, the communication system 1s
provided with encoding apparatus 101 and decoding appara-
tus 103, which are able to communicate via channel 102. Both
encoding apparatus 101 and channel 102 are normally used
and installed 1n a base station apparatus, communication ter-
minal apparatus, or the like.

Encoding apparatus 101 divides an input signal into N
samples at a time (where N 1s a natural number), takes N
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samples as one frame, and performs coding on a frame-by-
frame basis. Here, an input signal subject to coding will be
expressed asx, (n=0, . .., N-1). Here, n indicates the (n+1 )th
signal element 1n a signal divided into N samples at a time.
Encoding apparatus 101 transmits encoded input information
(heremaftter referred to as “coded information”) to decoding
apparatus 103 via channel 102.

Decoding apparatus 103 receives coded information trans-
mitted from encoding apparatus 101 via channel 102, decodes
this coded information, and obtains an output signal.

FIG. 2 15 a block diagram showing the internal principal-
part configuration of encoding apparatus 101 shown 1n FIG.
1. Encoding apparatus 101 mainly comprises orthogonal
transform processing section 201 and coding section 202.

Orthogonal transform processing section 201 has internal
bufters bufl, (n=0, . . ., N-1), and performs a Modified
Discrete Cosine Transform (MDCT) on mput signal x

Next, orthogonal transform processing by orthogonal
transiorm processing section 201 will be described in relation
to 1its computational procedure and data output to an internal
bufifer.

First, orthogonal transform processing section 201 1nitial-
izes bufter butl with “0” as an initial value by means of
equation 1 below.

[1]

butl, =0(z=0,...N-1) (Equation 1)

Then, orthogonal transform processing section 201 per-
forms a modified discrete cosine transform (MDCT) on mnput
signal x ., and finds mput signal MDC'T coetlicient (herein-
alter referred to as input spectrum) X(k), 1n accordance with
equation 2 below.

(Equation 2)

2 [@n+l+N)k+ D =
X (k) = N ; X,,COS Y
(k=0,... ,N-1)

Here, k indicates an index of each sample 1n one frame.
Orthogonal transform processing section 201 finds vector x'

linking 1nput signal x, and buffer buil by means of equation
3 below.

(Equation 3)
J_ bufl, ((r=0,...N-=-1) |3]
Y X,y (B=N,..2N-1

Orthogonal transform processing section 201 then updates
buffer bufl by means of equation 4.

[4]

bufl _=x _(#=0,...N-1) (Equation 4)

Then orthogonal transform processing section 201 outputs
input spectrum X(k) to codlng section 202.
Input spectrum X(k) 1s 111p11t to coding section 202 from
orthogonal transform processing section 201. Coding section
202 encodes mput spectrum X(k), and generates coded infor-
mation.

Then coding section 202 transmits the generated
coded information to decoding apparatus 103 via channel

102.
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FIG. 3 1s a block diagram showing the internal principal-
part configuration of coding section 202 shown in FIG. 2.
Details of the processing performed by coding section 202
will now be described with reference to FIG. 3. Coding sec-
tion 202 mainly comprises band setting section 301, low-
band coding section 302, high-band coding section (band
enhancement section) 303, and multiplexing section 304.
These sections perform the following operations.

Input spectrum X(k) 1s input to band setting section 301
from orthogonal transform processing section 201. Band set-
ting section 301 analyzes the spectral characteristics of input

spectrum X(k), and sets bands subject to coding by low-band
coding section 302 and high-band coding section (band
enhancement section) 303 respectively according to the
analysis results. Then, band setting section 301 outputs band
setting information indicating the set bands to low-band cod-
ing section 302, high-band coding section 303, and multi-
plexing section 304.

The band setting information calculation method used by
band setting section 301 will now be described.

Band setting section 301 first calculates, for input spectrum
X(k), energy (low-band energy) E, __ of a part for which the
band 1s less than or equal to TH, _  in accordance with equa-
tion 5-1, and energy (high-band energy) E,;, ., of a part for
which the band 1s greater than or equal to TH,;, , 1n accor-

and TH,,,;, are prede-

dance with equation 5-2, where TH, |
<I'Hg,y,- In equation

termined threshold values, and TH
1s the maximum band value (maximum frequency

OAf

Low
5-2,F
value).

(Equation 5-1)

THy 50

Er, = Z X (k)?

k=0

(Equation 5-2)

Fmax

Enion = Z X (k)

k=TH i on

Next, band setting section 301 compares the magnitude of
low-band energy E,  calculated by means of equation 5-1
with the magnitude of high-band energy E;; ;, calculated by
means of equation 5-2, and decides band setting information
Band_ Setting 1n accordance with equation 6 below. That is to
say, based on mput spectrum energy characteristics, band
setting section 301 generates band setting information for
dividing the input spectrum band and setting a band on the
low-band side (low-band part) and the high-band side (high-
band part). Here, v in equation 6 1s a predetermined constant.

(Equation 6)

O Qf Erow 2 Y- EHign)

Band_setting = {
1 (else)

That 1s to say, band setting section 301 sets the band settlng
information Band_ Setting value to 011 low-band energy B,
1s somewhat greater than high-band energy E;, ,,, and sets the
band setting information Band_ Setting value to 1 otherwise.
Band setting section 301 outputs decided band setting infor-
mation Band_Setting to low-band coding section 302, high-
band coding section 303, and multiplexing section 304.




US 8,898,057 B2

7

Input spectrum X(k) 1s input to low-band coding section
302 from orthogonal transform processing section 201. Also,
band setting information Band_Setting 1s input to low-band
coding section 302 from band setting section 301. Based on
band setting information Band_ Setting, low-band coding
section 302 encodes 1nput spectrum X(k) and generates low-
band part coded information. Then low-band coding section
302 outputs the low-band part coded information to multi-
plexing section 304. Details of the processing performed by
low-band coding section 302 will be given later herein.

Input spectrum X(k) 1s input to high-band coding section
303 from orthogonal transform processing section 201. Also,
band setting information Band_Setting 1s input to high-band
coding section 303 from band setting section 301. Based on
band setting information Band_ Setting, high-band coding
section 303 encodes mput spectrum X(k) and generates high-
band part coded information (band enhancement informa-
tion). Then high-band coding section 303 outputs the high-
band part coded information to multiplexing section 304.
Details of the processing performed by high-band coding
section 303 will be given later herein.

Multiplexing section 304 multiplexes band setting infor-
mation, low-band part coded information, and high-band part
coded information mput from band setting section 301, low-
band coding section 302, and high-band coding section 303
respectively, and outputs the multiplexed mformation to
channel 102 as coded imnformation.

FIG. 4 1s a block diagram showing the internal configura-
tion of low-band coding section 302. Low-band coding sec-
tion 302 mainly comprises coding target spectrum calculation
section 401, shape coding section 402, gain coding section
403, and multiplexing section 404. These sections perform
the following operations.

Band setting information Band_Setting 1s input to coding,
target spectrum calculation section 401 from band setting,
section 301. Also, input spectrum X(k) 1s input to coding
target spectrum calculation section 401 from orthogonal
transform processing section 201. Based on the band setting,
information Band_ Setting value, coding target spectrum cal-
culation section 401 decides a band that 1s to be an coding
target, and outputs only the spectrum of the corresponding
band within input spectrum X(k) to shape coding section 402.

Specifically, if the band setting information Band_ Setting
value 1s 0, coding target spectrum calculation section 401
outputs a spectrum for which the band 1s less than or equal to
Max1 (k=Max1) within mnput spectrum X(k) to shape coding
section 402 as coding target spectrum X'(k). Also, if the band
setting information Band_Setting value 1s 1, coding target
spectrum calculation section 401 outputs a spectrum for
which the band 1s less than or equal to Max2 (k=Max2) within
input spectrum X(k) to shape coding section 402 as coding
target spectrum X'(k).

Here, the relationship between Max1 and Max2 1s assumed
to be Max1<Max2. That 1s to say, if the band setting infor-
mation Band_Setting value 1s 0, coding target spectrum cal-
culation section 401 selects a spectrum on the lower-band
side within mnput spectrum X(k) as coding target spectrum
X'(k). On the other hand, if the band setting information
Band_Setting value 1s 1, coding target spectrum calculation
section 401 selects a spectrum of a part for which the band-
width 1s greater than when the band setting information
Band_ Setting value 1s O within input spectrum X (k) as coding
target spectrum X'(k).

Shape coding section 402 performs shape quantization on
a subband-by-subband basis on coding target spectrum X'(k)
input from coding target spectrum calculation section 401.
Specifically, shape coding section 402 first divides coding
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target spectrum X'(k) into L subbands. Then, for each of the L
subbands, shape coding section 402 searches an internal
shape codebook comprising SQ shape code vectors, and finds
an index of a shape code vector for which evaluation measure
Shape_q(1) 1n equation 7 below 1s maximal.

(Equation 7)
(BW()) 2 [7]
I (X' +BS(j))-SC‘j{)}
. . k=0
Shape_q(i) = B
> SCL-SC
k=0
(j=0,... ,L-1,i=0,... ,50-1)

In this equation, SC*, indicates a shape code vector config-
uring a shape codebook, 1 indicates a shape code vector index,
and k indicates a shape code vector element index. Also,
BW(3) represents the bandwidth of a band for which the band
index 1s j, and BS(j) represents the minimum 1index of a
spectrum configuring a band for which the band 1index 1s .

Shape coding section 402 outputs shape code vector index
S_max for which evaluation measure Shape_q(1) 1n equation
7 above 1s maximal to multiplexing section 404 as shape
coded information. Also, shape coding section 402 calculates
ideal gain Gain_1(7) in accordance with equation 8 below, and
outputs this to gain coding section 403.

(Equation §)

BW(;)

D (X7t + BS(jp-5G)

k=0

Goain i 1) =
ain_1( f) B0
Z SCkS_max_SCf_max
=0
(f=0,... ,L-1)

Gain coding section 403 directly quantizes ideal gain
Gain_1(j) input from shape coding section 402 1n accordance
with equation 9 below. Here too, gain coding section 403
treats an 1deal gain as an L-dimensional vector, searches an
internal gain codebook comprising GQ gain code vectors, and
performs vector quantization.

(Equation 9)

(1

Gain_q(i) = < Z

/=0

2
{Gain_i(j) — ch,.}}

(i=0,...,G0—-1)

Gain coding section 403 finds gain code vector index
G_min that minimizes square error Gain_q(1) i equation 9
above. Gain coding section 403 outputs G_min to multiplex-
ing section 404 as gain coded information.

Multiplexing section 404 multiplexes shape coded infor-
mation S_max input from shape coding section 402 and gain
coded mformation G_min mmput from gain coding section
403, and outputs the multiplexed information to multiplexing
section 304 as low-band part coded information. Shape coded
information and gain coded information may also be directly
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input to multiplexing section 304, and multiplexed with high-
band part coded information by multiplexing section 304.

This concludes a description of the configuration of low-
band coding section 302.

FIG. 35 15 a block diagram showing the internal configura-
tion of high-band coding section 303. High-band coding sec-
tion 303 1s provided with band division section 501, filter state
setting section 502, filtering section 503, search section 505,
pitch coetlicient setting section 504, gain coding section 506,
and multiplexing section 507. These sections perform the
following operations.

Input spectrum X(k) 1s input to band division section 501
from orthogonal transform processing section 201. Also,
band setting information Band_Setting 1s input to band divi-
s10n section 301 from band setting section 301. Band division
section 301 divides a high-band part of input spectrum X (k)
into P subbands SB, (p=0, 1, ..., P-1) according to the band
setting information Band_Setting value. Then, band division
section 301 outputs bandwidth BW _(p=0, 1, ..., P-1) and
initial index BS | (p=0, 1,...,P-1) of each subband to filtering,

section 503, search section 505, and multiplexing section 507
as band division information.

Specifically, 1f the band setting information Band_Setting
value 1s 0, band division section 301 divides a part for which
the band 1s greater than or equal to Max1 (Max1<k<Fmax)
within input spectrum X(k) into P subbands SB, (p=0,
1,...,P-1). Also, if the band setting information Band_ Set-
ting value 1s 1, band division section 501 divides a part for
which the band 1s greater than or equal to Max2
(Max2=k<Fmax) within input spectrum X (k) into P subbands
SB, (p=0, 1, . . ., P-1). Here, Fmax 1s the maximum band
value. Also, below, a part in subband SB, within input spec-
trum X(k) 1s denoted as subband spectrum X (k)
(BS_ <k<BS +BW ).

Filter state setting section 302 sets mput spectrum X(k)
input from orthogonal transform processing section 201 as a
filter state used by filtering section 503. Input spectrum X(k)
1s stored as a filter internal state (filter state) 1n an entire
frequency band O=k<Fmax spectrum S(k) (O=k<Max1) or
(O=<k<Max2) band 1n filtering section 503. Filter state setting
section 502 outputs the set filter state to filtering section 503.

Filtering section 503 1s provided with a multi-tap pitch
filter (that 1s, the number of taps 1s greater than 1). Filtering
section 503 calculates mput spectrum estimated value S'(k)
(FL=k=FH) (hereinafter referred to as estimated spectrum)
by filtering input spectrum X(k) based on the filter state set by
filter state setting section 502 and pitch coeftlicient T 1mput
from pitch coetlicient setting section 504. Filtering section
503 outputs estimated spectrum S'(k) to search section 505.
Details of the filtering processing performed by filtering sec-
tion 503 will be given later herein.

Search section 503 calculates similarity of a high-band part
((Max1=k<Fmax)or (Max2=k<Fmax)) divided by band divi-
s10n section 501 for input spectrum X (k) input from orthogo-
nal transform processing section 201 and estimated spectrum
S'(k) input from filtering section 503. This similarity calcu-
lation 1s performed by means of a correlation computation or
the like, for example.

The processing of filtering section 503, search section 505,
and pitch coetlicient setting section 504 forms a closed loop.
In this closed loop, search section 505 calculates similarity
corresponding to each pitch coellicient by variously changing
pitch coelficient T input to filtering section 503 from pitch
coellicient setting section 504. Then, of the calculated simi-
larities, search section 505 outputs the pitch coetlicient for
which similarity 1s maximal to multiplexing section 507 as
optimum pitch coellicient T'. Also, search section 505 outputs
estimated spectrum S'(k) to gain coding section 506.
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Under the control of search section 505, pitch coelficient
setting section 504 gradually changes pitch coetficient T
within the search range (ITmin=T<Tmax), and successively

outputs post-change pitch coefficient T to filtering section
503.

Gain coding section 506 calculates gain information of a
high-band part ((Maxlsk<Fmax) or (Max2=k<Fmax))
divided by band division section 301 for input spectrum X (k)
input from orthogonal transform processing section 201. Spe-
cifically, gain coding section 306 divides a high-band part
frequency band ((Max1=k<Fmax) or (Max2=<k<Fmax)) into
] samples, and finds the spectral power of each subband of
iput spectrum X(k). In this case, spectral power B(3) of the
1’th subband 1s expressed by equation 10 below.

(Equation 10)

BH ; [10]
B(j)= ) Xk

(j=0,... ,J=-1)

In equation 10, BL, represents the minimum frequency of
the j’th subband, and BM, represents the maximum frequency
of the 1°th subband. Also, gain coding section 506 similarly
calculates spectral power B'(j) of each subband of estimated
spectrum S'(k) iput from search section 505 1n accordance
with equation 11 below.

(Equation 11)

BH [11]

Z S’ (k)

szLJ-

B'())=

(j=0,... ,J=-1)

Gain coding section 506 then calculates varnation V(3) of
cach subband for mput spectrum X(k) in accordance with
equation 12 below.

(Equation 12)

——
V(j) :\/ B,((“?)

(j=0,... ,J=-1)

Then, using an 1internal gain encoding codebook, gain cod-
ing section 506 encodes varniation V(3), and outputs an index
corresponding to post-coding variation V _(j) to multiplexing
section 507.

Multiplexing section 507 multiplexes optimum pitch coel-
ficient T' mput from search section 505 and an index of
variation V(j) mput from gain coding section 506 as high-
band part coded information, and outputs the multiplexed
information to multiplexing section 304. Optimum pitch
coellicient T" and a vaniation V(3) index may also be directly
input to multiplexing section 304, and multiplexed with low-
band part coded information by multiplexing section 304.

Details of the filtering processing performed by filtering,
section 503 will now be described with reference to FIG. 6.




US 8,898,057 B2

11

Filtering section 503 generates spectrum S(k) of a
((Maxl=k<Fmax) or (Max2=k<Fmax)) band using pitch
coellicient T mput from pitch coellficient setting section 504
according to band division by band division section 501.
Filtering section 503 transfer function F(z) 1s expressed by
equation 13 below.

(Equation 13)
1 [13]

M []
- > pirt™
i=—M

F(z) =

In equation 13, T represents a pitch coellicient provided by
pitch coelll

icient setting section 504, and [3, represents a filter
coellicient stored internally beforehand. Also, 1n equation 13,
M 1s an indicator relating to the number of taps, with M=1
being set, for example, when the number of taps 1s 3. When

the number of taps 1s 3, (P_;, Bo. [3 )=(0.1, 0.8, 0.1) may be

given as an example of filter coeflicient candidates. Other
values, such as (p_,, Py, f,)=(0.2,0.6,0.2), (0.3,0.4,0.3), are
also applicable.

First, input spectrum X(k) 1s stored as a filter internal state
(filter state) 1 a (O=k<Max1) or (0O=k<Max2) band of spec-

trum S(k) of the entire frequency band 1n filtering section 503.
Also, estimated spectrum S'(k) 1s stored 1n a spectrum S(k)
high-band part ((Max1=k<Fmax) or (Max2=k<Fmax)) by
means of the following filtering processing procedure. In
estimated spectrum S'(k), spectrum S(k-T) of a frequency
that 1s T lower than this k 1s basically assigned to estimated
spectrum S'(k). Actually, however, in order to increase spec-
trum smoothness, spectrum p,-S(k—T+1) obtained by multi-
plying nearby spectrum S(k-T+1) demultiplexed by 1 from
spectrum S(k-T) by predetermined filter coetlicient f3, 1s
added for all 1”’s and the obtained spectrum is assigned to
S'(k). This processing 1s expressed by equation 14 below.

(Equation 14)

! [14]
') Y Pi-Sk =T+

i=—1

Filtering section 503 calculates estimated spectrum S'(k) in
a high-band part frequency band ((Maxlsk<Fmax) or
(Max2=<k<Fmax)) by performing the above computation
while changing k in the band Maxl<k<Fmax or band
Max2=k<Fmax range 1n order from low-frequency k=Max1
or k=Max2.

The above filtering processing 1s performed after zeroizing,
spectrum S(k) 1n the high-band part frequency band
((Maxl=k<Fmax) or (Max2=k<Fmax)) range each time
pitch coelficient T 1s provided from pitch coeflicient settlng
section 504. That 1s to say, each time pitch coefficient 1
changes, spectrum S(k) 1s calculated and 1s output to search
section 503.

FI1G. 7 1s a flowchart showing the processing procedure for
finding optimal pitch coeflicient T ' for subband SB_ in search
section 505. By repeating the procedure shown in FIG. 7,
search section 305 finds optimal pitch coethicient T, (p=0,
1, ..., P-1) corresponding to each subband SB, (p=0,
1,...,P-1).

First, search section 505 initializes mimmum similarity
which 1s a varniable for saving a mimmimum similarity

D,

FriiF?
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value, to “+400” (ST2010). Then search section 505 calculates
similarity D between an input spectrum X(k) high-band part
((Max1=k<Fmax) or (Max2=<k<Fmax)) and estimated spec-

trum S'(k) for a certain pitch coeflicient 1n accordance with
equation 15 below (ST2020).

(Equation 13)

M’ 15]
D = Z X(BS, +k)- X(BS, + k) -
k=0

£ ! 3
Z X(BS, +k)-S'(BS, +k)
\ k=0 /

M!
Y S"(BS, +k)-S"(BS, + k)
k=0

(0 <M’ <BW,)

In equation 15, M' indicates the number of samples when
calculating similarity D, and may be any value less than or
equal to the bandwidth of each subband.

Next, search section 505 determines whether or not calcu-

lated similarity D 1s smaller than minimum similarity D ,
(ST2030). If stmilarity D calculated 1n ST2020 1s smaller than

minimum similanty D_ . (ST2030: “YES”), search section
505 assigns similarity D to minimum smlanty D .
(ST2040). On the other hand, 11 similarity D calculated 1n
ST2020 1s greater than or equal to minimum similarity
(ST2030: “NO™), search section 305 determines whether or
not the search range has ended (ST2050). That 1s to say,
search section 503 determines whether or not similarity D has
been calculated in accordance with equation 15 above n
ST2020 for all pitch coetlicients within the search range. If
the search range has not ended (S1T2050: “NO”), search sec-
tion 503 returns to ST2020 again. Then search section 5035
calculates similarity D 1n accordance with equation 15 for a
different pitch coellicient from that when similarity D was
calculated 1n accordance with equation 15 1n the previous
ST2020 procedure. On the other hand, 11 the search range has
ended (ST2050: “YES™), search section 505 outputs pitch
coefficient T corresponding to minimum similarity D_ . to
multiplexing section 507 as optimum pitch coetticient T
(ST2060).

This concludes a description of the processing performed
by high-band coding section 303.

This concludes a description of the configuration of encod-
ing apparatus 101.

Decoding apparatus 103 shown 1 FIG. 1 will now be
described.

FIG. 8 1s a block diagram showing the internal principal-
part configuration of decoding apparatus 103. Decoding
apparatus 103 mainly comprises decoding section 801 and
orthogonal transform processing section 802. These sections
perform the following operations.

Coded information transmitted from encoding apparatus
101 via channel 102 1s 1nput to decoding section 801. Decod-
ing section 801 decodes the input coded information, and
outputs spectral data obtained by decoding (a decoded spec-
trum) to orthogonal transform processing section 802. Details
of the processing performed by decoding section 801 will be
given later herein.

The spectral data (decoded spectrum) 1s mnput to orthogo-
nal transform processing section 802 from decoding section
801. Orthogonal transform processing section 802 executes
an orthogonal transtform on the spectral data (decoded spec-
trum), and converts it to a time-domain signal. Orthogonal
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transform processing section 802 outputs the obtained signal
as an output signal. Details of the processing performed by
orthogonal transform processing section 802 will be given
later herein.

FI1G. 9 15 a block diagram showing the internal configura-
tion of decoding section 801 shown in FIG. 8. Decoding
section 801 mainly comprises demultiplexing section 901,
low-band decoding section 902, and high-band decoding sec-
tion (band enhancement section) 903.

Coded information transmitted from encoding apparatus
101 via channel 102 1s input to demultiplexing section 901.
Demultiplexing section 901 demultiplexes the coded infor-
mation 1into low-band part coded information, high-band part
coded information, and band setting information. Then
demultiplexing section 901 outputs the low-band part coded
information to low-band decoding section 902, outputs the
high-band part coded information (band enhancement 1nfor-
mation) to high-band decoding section 903, and outputs the
band setting information to low-band decoding section 902
and high-band decoding section 903.

Low-band part coded information and band setting infor-
mation are input to low-band decoding section 902 from
demultiplexing section 901. Low-band decoding section 902
generates a low-band part decoded spectrum from the 1mput
low-band part coded information and band setting informa-
tion, and outputs the generated low-band part decoded spec-
trum to high-band decoding section 903. Details of the pro-
cessing performed by low-band decoding section 902 will be
given later herein.

High-band part coded information and band setting infor-
mation are input to high-band decoding section 903 from
demultiplexing section 901. Also, a low-band part decoded
spectrum 1s mput to high-band decoding section 903 from
low-band decoding section 902. High-band decoding section
903 generates a decoded spectrum from the input low-band
part decoded spectrum, high-band part coded information,
and band setting information, and outputs the generated
decoded spectrum to orthogonal transform processing section
802. Details of the processing performed by high-band
decoding section 903 will be given later herein.

FIG. 10 1s a block diagram showing the mternal configu-
ration of low-band decoding section 902. Low-band decoding
section 902 mainly comprises demultiplexing section 911,
shape decoding section 912, and gain decoding section 913.
These sections perform the following operations.

Demultiplexing section 911 demultiplexes low-band part
coded information input from demultiplexing section 901
into shape coded imnformation S_max and gain coded infor-
mation G_min, and outputs post-demultiplexing shape coded
information S_max to shape decoding section 912, and out-
puts gain coded information G_min to gain decoding section
913. Provisionmay also be made for shape coded information
and gain coded information to be demultiplexed from coded
information directly by demultiplexing section 901.

Shape decoding section 912 incorporates a shape code-
book of the same kind as the shape codebook with which
shape coding section 402 of low-band coding section 302 1s
provided, and searches the shape codebook with shape coded
information S_max mput from demultiplexing section 911 as
an 1ndex. Shape decoding section 912 outputs a found shape
code vector to gain decoding section 913 as a shape value of
an coding target band spectrum indicated by band setting
information Band_ Setting input from demultiplexing section
901. Here, a shape code vector found as a shape value 1s
denoted as Shape_g'(k).

Gain decoding section 913 1incorporates a gain codebook of
the same kind as the gain codebook with which gain coding,
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section 403 of low-band coding section 302 1s provided, and
uses this gain codebook to perform 1nverse quantization of a
gain value from gain coded information 1n accordance with
equation 16 below. Here too, a gain value 1s treated as an
L-dimensional vector, and vector inverse quantization 1s per-
formed. That1s to say, gain code vector GCjG—m correspond-
ing to gain coded information G_min 1s taken directly as gain
value Gain_q'(y).

[16]

Gain__g'(j))=GC,;“—""(j=0, ... ,L-1) (Equation 16)

Then, using a gain value obtained by inverse quantization
and a shape value mput from shape decoding section 912,
gain decoding section 913 calculates low-band part decoded
spectrum S1(k) 1n accordance with equation 17 below, and
outputs calculated low-band part decoded spectrum S1(%) to
high-band decoding section 903. In spectrum (MDCT coet-

ficient) inverse quantization, i k 1s present in B(3") through
B("+1)-1, gain value Gain_q'(3) has the value of Gain_q'(3").

(Equation 17)

, bH ;

J, [17]

k=BL, ...

S1(k) = Gain_q'()-Shape ¢ (k)
AR (j:&._,L—l

FIG. 11 1s a block diagram showing the internal configu-
ration of high-band decoding section 903. High-band decod-
ing section 903 mainly comprises demultiplexing section
921, filter state setting section 922, filtering section 923, gain
decoding section 924, and spectrum adjustment section 925.
These sections perform the following operations.

Demultiplexing section 921 demultiplexes high-band part
coded mformation mput from demultiplexing section 901
into optimum pitch coetlicient T', which 1s filtering related
information, and a post-coding variation V_(j) index, which s
gain related information. Then demultiplexing section 921
outputs optimum pitch coellicient T' to filtering section 923,
and outputs the post-coding variation V_(j) index to gain
decoding section 924. If demultiplexing into optimum pitch
coefficient T" and a post-coding vanation V _(j) index has been
performed 1 demultiplexing section 901, demultiplexing
section 921 need not be provided.

Based on band setting immformation Band_Setting input
from demultiplexing section 901, filter state setting section
922 sets low-band part decoded spectrum S1(%) input from
low-band decoding section 902 as a filter state used by filter-
ing section 923. Here, 11 an entire frequency band O=k<Fmax
spectrum 1n filtering section 923 1s called S(k) for conve-
nience, of spectrum S(k), low-band part decoded spectrum
S1(k) 1s stored mm a low-band part ((O=k<Max1l) or
(0O=k<Max2)) band indicated by band setting information
Band_Setting as a filter internal state (filter state). The con-
figuration and operation of filter state setting section 922 are
similar to those of filter state setting section 502 shown 1n
FIG. 5, and therefore a detailed description thereotf 1s omitted
here.

Filtering section 923 1s provided with a multi-tap pitch
filter (that 1s, the number of taps 1s greater than 1). Filtering
section 923 filters low-band part decoded spectrum S1(k)
based on a filter state set by {filter state setting section 922,
pitch coelficient T input from demultiplexing section 921, a
filter coetlicient stored internally beforehand, and band set-
ting information Band_ Setting input from demultiplexing
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section 901. Then filtering section 923 calculates estimated
spectrum S'(k) of input spectrum S(k) as shown in equation 18
below.

(Equation 18)

1 [18]
S’y =) PBi-SLk—T +iy

i=—1

The transfer function shown 1n equation 13 above 1s also
used by filtering section 923. Filtering section 923 outputs
estimated spectrum S'(k) obtained by filtering to spectrum
adjustment section 925.

(Gain decoding section 924 decodes a post-coding variation
V() index input from demultiplexing section 921 based on
band setting information Band_Setting input from demulti-
plexing section 901, and finds post-coding variation V (j),
which 1s a vanation V(j) quantization value. Here, the gain
codebook used for post-coding variation V _(j) index decod-
ing 1s incorporated in gain decoding section 924, and 1s simi-
lar to the gain codebook used by gain coding section 506
shown 1n FIG. 5. Gain decoding section 924 outputs post-
coding variation V _(j) obtained by decoding to spectrum
adjustment section 925.

Spectrum adjustment section 925 multiplies estimated
spectrum S'(k) input from filtering section 923 by post-coding
variation V (j) of each subband mput from gain decoding
section 924 for a high-band part specified by band setting
information Band_ Setting input from demultiplexing section
901 1n accordance with equation 19 below. By this means,
spectrum adjustment section 925 adjusts the spectrum shape
in a high-band part ((Max1=k<Fmax) or (Max2=k<Fmax)) of
estimated spectrum S'(k), generates decoded spectrum S2(%),

and outputs this to orthogonal transform processing section
802.

(Equation 19)
S2(k) = 8 (k)- V, () [19]
(Ma}il <k < Fmax or Max? =k < Fmax]

j=0,... ,J0-1

In equation 19, 1 indicates a subband 1index when gain 1s
encoded, and 1s set according to spectrum index k. That 1s to
say, for spectrum index k included 1n a subband for which the
subband index 15 1", estimated spectrum S'(k) 1s multiplied by
V_G".

qure,, a low-band part ((0=k<Max1) or (0=k<Max2)) of
decoded spectrum S2(%) comprises first layer decoded spec-
trum S1(k), and a high-band part (Maxl=k<Fmax) or
(Max2=k<Fmax)) of decoded spectrum S2(%k) comprises
post-spectrum-shape-adjustment estimated spectrum S'(k).

The actual processing performed by orthogonal transform
processing section 802 will now be described.

Orthogonal transform processing section 802 has internal
butilers bui2(k), which are imtialized as shown 1n equation 20
below.

[20]

buf2(k)=0(k=0.. .. ,N-1) (Equation 20)

Also, orthogonal transform processing section 802 finds
decoded signal y, 1n accordance with equation 21 below

10

15

20

25

30

35

40

45

50

55

60

65

16

using decoded spectrum S2(k) mput from spectrum adjust-
ment section 925, and outputs decoded signal vy, .

(Equation 21)

n 2N-1
Y, = Y ; Z(k)cos

(n=0, ...

On+1+N) 2k + [21]

4N

,N—l)

In equation 21, Z(k) 1s a vector that links decoded spectrum
S2(k) and buttfer buf2(%) as shown 1n equation 22 below.
(Equation 22)

buf2(k) (k=0,... N—1)
S2k) k=N, ..2N -1

22
Z(k) ={ =

Next, orthogonal transform processing section 802 updates
butiler bui2(k) in accordance with equation 23 below.

[23]

buf2(k)=S2(k)(k=0, ... N-1) (Equation 23)

Orthogonal transform processing section 802 then outputs
decoded si1gnal v, as an output signal.

This concludes a description of the internal configuration
of decoding apparatus 103.

Thus, according to this embodiment, 1n a coding/decoding
method that performs band enhancement using a low-band
part spectrum and generates/estimates a high-band part spec-
trum, an encoding apparatus/decoding apparatus decides
band setting—that 1s, which bands a low-band part and high-
band part are—adaptively according to an input signal char-
acteristic. By this means, high-band part spectral data such as
a wideband si1gnal or an ultrawideband signal can be encoded
cificiently, and the quality of a decoded signal can be
improved.

Specifically, band setting section 301 compares low-band
part energy and high-band part energy of input signal spectral
data, and if the low-band part energy 1s significantly greater
than the high-band part energy, sets a narrower low-band part
and a wider high-band part. By this means, low-band part
spectral data that greatly influences the quality of a decoded
signal when an mput signal 1s speech can be encoded inten-
stvely by means of a shape-gain coding method, and the
quality of a decoded signal can be increased. On the other
hand, 11 low-band part energy 1s not that much greater than
high-band part energy, band setting section 301 sets a wider
low-band part and a narrower high-band part. By this means,
encoding distortion can be reduced with a shape-gain coding
method up to a higher band part, and bandwidth limitation
that greatly influences the quality of a decoded signal when an
input signal 1s audio can be improved.

In this embodiment, a configuration has been described
whereby division ito different subband configurations 1s
performed by band division section 301 and gain coding
section 506 1n high-band coding section 303, but the present
invention 1s not limited to this, and can also be applied 1n a
similar way to a configuration whereby division 1s performed
into 1dentical subband configurations.

In this embodiment, a configuration has been described
whereby a high-band part spectrum 1s divided into P parts by
band division section 501 in high-band coding section 303
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irrespective of the value of band setting information Band-
_Setting. However, the present invention 1s not limited to this,

and can also be applied 1n a similar way to a configuration
whereby a subband 1s divided into different numbers accord-
ing to the value of band setting information Band_ Setting. For
example, when band setting information Band_Setting 15 0, a
high-band part spectrum bandwidth 1s wider than when band
setting information Band_Setting 1s 1, and therefore 1n this
case division 1s performed 1nto a number greater than P. By
this means, 1t 1s possible to prevent degradation of coding
performance due to a subband width being too great.

Also, 1 this embodiment, a configuration has been
described whereby an input spectrum low-band part 1s set as
a filter state 1n high-band coding section 303, and a search 1s
performed for a spectrum position that 1s similar to an input
spectrum high-band part. However, the present invention 1s
not limited to this, and can also be applied 1n a similar way to
a configuration whereby a search 1s performed for a spectrum
position that 1s similar to an input spectrum high-band part for
a low-band part decoded spectrum obtained by decoding
low-band part coded information output from a low-band
coding section. When the above configuration 1s employed, a
low-band part decoded spectrum obtained on the decoding
apparatus side can also be used, enabling operation on the
decoding apparatus side to be ensured.

Also, when the above configuration 1s employed, it 1s nec-
essary for a low-band part decoding section that performs
local decoding for calculating a low-band part decoded spec-
trum to be newly provided 1n coding section 202, and for a
low-band part decoded spectrum to be output from the low-
band decoding section to high-band coding section 303.

Embodiment 2

Embodiment 2 describes a configuration 1n which a first
layer coding section that encodes a low-band part of spectral
data 1s newly provided, and the coding method described 1n
Embodiment 1 1s applied to difference data between 1nput
signal spectral data and a first layer coding section coding
result. Below, a coding layer in which the coding method
described in Embodiment 1 1s applied 1s described as a second
layer coding section.

A communication system according to Embodiment 2 (not
shown) 1s basically similar to the communication system
shown in FI1G. 1, and differs from encoding apparatus 101 and
decoding apparatus 103 of the commumnication system 1n FIG.
1 only in parts of the configuration and operation of the
encoding apparatus and decoding apparatus. In the following
description, reference codes “111” and “113” are assigned
respectively to an encoding apparatus and decoding apparatus
of a communication system according to this embodiment.

FI1G. 12 1s a block diagram showing the internal principal-
part configuration of encoding apparatus 111 according to
this embodiment. Encoding apparatus 111 according to this
embodiment mainly comprises down-sampling processing
section 1001, first layer coding section 1002, first layer
decoding section 1003, up-sampling processing section
1004, orthogonal transform processing section 1005, second
layer coding section 1006, and coded information integration
section 1007. These sections perform the following opera-
tions.

If the sampling frequency of mnput signal x, 1s designated
SR, ,.» down-sampling processing section 1001 performs
down-sampling of mput signal sampling frequency from
SR, 10 SR, (where SR, <SR, ), and outputs a
down-sampled iput signal to first layer coding section 1002

as a post-down-sampling input signal.
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First layer coding section 1002 performs encoding on a
post-down-sampling input signal input {from down-sampling
processing section 1001 using, for example, a CELP (Code
Excited Linear Prediction) type speech coding method, and
generates {irst layer coded information. Then first layer cod-
ing section 1002 outputs the generated first layer coded infor-
mation to first layer decoding section 1003 and coded infor-
mation integration section 1007.

First layer decoding section 1003 performs decoding on
first layer coded information input from first layer coding
section 1002 using, for example, a CELP speech decoding
method, and generates a first layer decoded signal. Then first
layer decoding section 1003 outputs the generated first layer
decoded signal to up-sampling processing section 1004.

Up-sampling processing section 1004 performs up-sam-
pling of the sampling frequency of a first layer decoded signal
mput from first layer decoding section 1003 from SR, to
SR,;,,,..- Then up-sampling processing section 1004 outputs
an up-sampled first layer decoded signal to orthogonal trans-
form processing section 1005 as post-up-sampling first layer
decoded signal c1 .

Orthogonal transform processing section 1005 has internal
bufters bufl, and buf2, (n=0, ..., N-1). Orthogonal trans-
form processing section 1005 performs a Modified Discrete
Cosine Transtorm (MDCT) on mput signal x, and post-up-
sampling first layer decoded signal c¢1, mput from up-sam-
pling processing section 1004. Orthogonal transform pro-
cessing section 1005 performs orthogonal transiorm
processing of input signal X, and post-up-sampling first layer
decoded signal c1 , and calculates mput spectrum X(k) and
first layer decoded spectrum C(k). The processing performed
by orthogonal transform processing section 1005 1s similar to
the processing described in Embodiment 1, and therefore a
description thereof 1s omitted here. Orthogonal transform
processing section 10035 outputs obtained mput spectrum
X(k) and first layer decoded spectrum C(k) to second layer
coding section 1006.

Second layer coding section 1006 generates second layer
coded information using mput spectrum X (k) and first layer
decoded spectrum C(k) input from orthogonal transform pro-
cessing section 1005, and outputs the generated second layer
coded mformation to coded information integration section
1007. Details of second layer coding section 1006 will be
given later herein.

Coded information integration section 1007 integrates first
layer coded imnformation input from first layer coding section
1002 and second layer coded information mput from second
layer coding section 1006. Then coded information 1ntegra-
tion section 1007 adds a transmission error code or the like to
the mtegrated information source code 1f necessary, and then
outputs this to channel 102 as coded information.

The internal principal-part configuration of second layer
coding section 1006 shown 1n FIG. 12 will now be described
with reference to FIG. 13.

Second layer coding section 1006 mainly comprises band
setting section 1101, low-band coding section 1102, high-
band coding section (band enhancement section) 1103, and
multiplexing section 1104.

Input spectrum X (k) and first layer decoded spectrum C(k)
are iput to band setting section 1101 from orthogonal trans-
form processing section 1005. Band setting section 1101
analyzes the spectral characteristics of input spectrum X(k)
and first layer decoded spectrum C(k), and sets bands subject
to coding by low-band coding section 1102 and high-band
coding section (band enhancement section) 1103 respectively
according to the analysis results. Then band setting section

1101 outputs this information as band setting information to
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low-band coding section 1102, high-band coding section
1103, and multiplexing section 1104.

The band setting information calculation method used by
band setting section 1101 will now be described.

Band setting section 1101 first calculates difference spec-
trum C_ (k) between input spectrum X(k) and first layer
decoded spectrum C(k) by means of equation 24. In equation
24, Fmax 1s the maximum band value (maximum frequency
value).

[24]

C_ (K)=X(k)-S1(k)(k=0, ... Fmax) (Equation 24)

[l

Then band setting section 1101 calculates, for difference
spectrum C_ ,(k), energy (low-band energy)E,  ofapart for
which the band 1s less than or equal to TH,__ 1n accordance
with equation 25-1, and energy (high-band energy) E, ;, ot a
part for which the band 1s greater than or equal to TH,,, in
accordance with equation 25-2, where TH; ,,, and'TH, , are
predetermined threshold values, and TH; ,,,<TH;, ;.

O W

(Equation 25-1)

TH{ ., [25]
Erow= ) Copk)’
k=0
(Equation 25-2)
Fmax
Epion = Z Coup (k)
k=THj

Next, band setting section 1101 compares the magnmitude of
low-band energy E,_  and the magnitude of high-band
energy Eg,., calculated by means of equations 25, and
decides band setting information Band_ Setting 1n accordance
with equation 26. Here, v 1n equation 26 1s a predetermined
constant.

(Equation 26)

O (f Erow =y - Epign) [20]

Band_Setting= {
1 (else)

That 1s to say, band setting section 1101 sets the band
setting information Band_Setting value to O if low-band
energy E, 15 somewhat greater than high-band energy
Ezr0n and sets the band setting information Band_Setting
value to 1 otherwise. Band setting section 1101 outputs
decided band setting information Band_Setting to low-band
coding section 1102, high-band coding section 1103, and
multiplexing section 1104.

Input spectrum X(k) and first layer decoded spectrum C(k)
are iput to low-band coding section 1102 from orthogonal
transform processing section 1005. Also, band setting infor-
mation Band_Setting 1s input to low-band coding section
1102 from band setting section 1101. Based on band setting
information Band_Setting, low-band coding section 1102
encodes difference spectrum C_ , (k) between input spectrum
X(k) and first layer decoded spectrum C(k), and generates
low-band part coded information. Then low-band coding sec-
tion 1102 outputs the low-band part coded mmformation to
multiplexing section 1104. Details of the processing per-
tformed by low-band coding section 1102 will be given later

herein.
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Input spectrum X(k) and first layer decoded spectrum C(k)
are mnput to high-band coding section 1103 from orthogonal
transform processing section 1005. Also, band setting infor-
mation Band_Setting 1s input to high-band coding section
1103 from band setting section 1101. Based on band setting
information Band_Setting, high-band coding section 1103
encodes mput spectrum X(k) and generates high-band part
coded information (band enhancement information). Then,
high-band coding section 1103 outputs the high-band part
coded mformation to multiplexing section 1104. Details of
the processing performed by high-band coding section 1103
will be given later herein.

Multiplexing section 1104 multiplexes band setting infor-
mation Band_Setting, low-band part coded information, and
high-band part coded mformation imput from band setting
section 1101, low-band coding section 1102, and high-band
coding section 1103 respectively, and generates second layer
coded information. Then multiplexing section 1104 outputs
the obtained second layer coded information to coded infor-
mation integration section 1007. Band setting information,
low-band part coded information, and high-band part coded
information may also be mput directly to coded information
integration section 1007, and multiplexed by coded informa-
tion integration section 1007.

FIG. 14 1s a block diagram showing the internal configu-
ration of low-band coding section 1102. Low-band coding
section 1102 mainly comprises difference spectrum calcula-
tion section 1201, shape coding section 1202, gain coding
section 1203, and multiplexing section 1204. These sections
perform the following operations.

Difference spectrum calculation section 1201 calculates
difference spectrum C_ (k) between mput spectrum X(k)
and first layer decoded spectrum C(k), and outputs calculated
difference spectrum C_ , (k) to shape coding section 1202.

Difterence spectrum C_ , (k) 1s input to shape coding sec-
tion 1202 from difference spectrum calculation section 1201.
Shape coding section 1202 encodes difference spectrum C_
(k) shape information, and outputs this to multiplexing sec-
tion 1204 as shape coded information. Also, shape coding
section 1202 calculates an 1deal gain at the time of shape
information coding, and outputs the calculated 1deal gain to
gain coding section 1203. The processing performed by shape
coding section 1202 1s similar to that of shape coding section
402 shown in FIG. 4, and therefore a description thereof 1s
omitted here.

Ideal gain 1s 1input to gain coding section 1203 from shape
coding section 1202. Gain coding section 1203 encodes the
ideal gain, and outputs this to multiplexing section 1204 as
gain coded information. The processing performed by gain
coding section 1203 1s similar to that of gain coding section
403 shown 1n FIG. 4, and therefore a description thereof 1s
omitted here.

FIG. 15 1s a block diagram showing the internal configu-
ration of high-band coding section 1103. High-band coding
section 1103 1s provided with band division section 1301,
filter state setting section 1302, filtering section 1303, search
section 1303, pitch coellicient setting section 1304, gain cod-
ing section 1306, and multiplexing section 1307, which per-
form the operations described below. With the exception of
filter state setting section 1302, the above configuration ele-
ments perform similar processing to that of identically named
configuration elements shown in FIG. 5, and therefore
descriptions thereotf are omitted here.

Filter state setting section 1302 sets first layer decoded
spectrum C(k) mput from orthogonal transform processing
section 1005 as a filter state used by filtering section 1303.
First layer decoded spectrum C(Kk) 1s stored as a filter internal
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state (filter state) 1n an entire frequency band O=k<Fmax
spectrum S(k) ((O=k<Max1) or (0=k<Max2)) band 1in filter-
ing section 1303.

This concludes a description of the processing performed
by high-band coding section 1103.

This concludes a description of the configuration of encod-
ing apparatus 111.

Decoding apparatus 113 according to this embodiment wall
now be described.

FI1G. 16 1s a block diagram showing the internal principal-
part configuration ol decoding apparatus 113. Decoding
apparatus 113 mainly comprises coded information demulti-
plexing section 1401, first layer decoding section 1402, up-
sampling processing section 1403, orthogonal transform pro-
cessing section 1404, second layer decoding section 1405,
and orthogonal transform processing section 1406. These
sections perform the following operations.

Coded information transmitted from encoding apparatus
111 via channel 102 is mput to coded mnformation demulti-
plexing section 1401. Coded information demultiplexing sec-
tion 1401 demultiplexes the input coded information 1nto first
layer coded information and second layer coded information,
outputs the first layer coded information to first layer decod-
ing section 1402, and outputs the second layer coded infor-
mation to second layer decoding section 1405.

First layer decoding section 1402 decodes the first layer
coded information mput from coded information demulti-
plexing section 1401 and generates a first layer decoded sig-
nal, and outputs the generated first layer decoded signal to
up-sampling processing section 1403. The operation of first
layer decoding section 1402 1s similar to that of first layer
decoding section 1003 shown i FIG. 12, and therefore a
detailed description thereof 1s omitted here.

Up-sampling processing section 1403 performs up-sam-
pling of the sampling frequency of a first layer decoded signal
input from first layer decoding section 1402 from SR, __ to
SR, and outputs an obtained post-up-sampling first layer

InRpLL?

decoded signal to orthogonal transform processing section
1404.

Orthogonal transtorm processing section 1404 performs
orthogonal transform processing (MDCT) on a post-up-sam-
pling first layer decoded signal input from up-sampling pro-
cessing section 1403. Then orthogonal transform processing
section 1404 outputs obtained post-up-sampling first layer
decoded signal MDCT coellicient (hereinafter referred to as
first layer decoded spectrum) C(k) to second layer decoding
section 1405. The operation of orthogonal transform process-
ing section 1404 1s similar to the processing on a post-up-
sampling first layer decoded signal by orthogonal transform
processing section 1005 shown 1n FIG. 12, and therefore a
detailed description thereof 1s omitted here.

Second layer decoding section 1405 generates second
layer decoded spectrum S2(%) including a high-band compo-
nent using first layer decoded spectrum C(K) mnput from
orthogonal transform processing section 1404 and second
layer coded information input from coded information
demultiplexing section 1401. Then second layer decoding
section 1405 outputs generated second layer decoded spec-
trum S2(k) to orthogonal transform processing section 1406.
Details of the processing performed by second layer decoding
section 1405 will be given later herein.

Orthogonal transform processing section 1406 executes an
orthogonal transform on second layer decoded spectrum
S2(k) mput from second layer decoding section 1403, and
converts 1t to a time-domain signal. Orthogonal transform
processing section 1406 outputs the obtained signal as an
output signal. The operation of orthogonal transform process-
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ing section 1406 1s similar to the processing by orthogonal
transform processing section 802 shown 1n FIG. 8, and there-
fore a detailed description thereof 1s omitted here.

FIG. 17 1s a block diagram showing the internal configu-
ration of second layer decoding section 1405 shown 1n FIG.
16. Second layer decoding section 1405 mainly comprises
demultiplexing section 1501, low-band decoding section
1502, high-band decoding section (band enhancement sec-
tion) 1503, and spectrum synthesis section 1504.

Second layer coded information 1s input to demultiplexing
section 1501 from coded information demultiplexing section
1401. Demultiplexing section 1501 demultiplexer the coded
information into low-band part coded information, high-band
part coded information, and band setting information. Then
demultiplexing section 1501 outputs the low-band part coded
information to low-band decoding section 1502, outputs the
high-band part coded information (band enhancement infor-
mation) to high-band decoding section 1503, and outputs the
band setting information to low-band decoding section 1502
and high-band decoding section 1503.

Low-band part coded information and band setting infor-
mation are input to low-band decoding section 1502 from
demultiplexing section 1501. Low-band decoding section
1502 generates a low-band part decoded spectrum from the
input low-band part coded information and band setting infor-
mation, and outputs the generated low-band part decoded
spectrum to spectrum synthesis section 1504. The processing,
performed by low-band decoding section 1502 1s similar to
that of low-band decoding section 902 shown 1n FIG. 10, and
therefore a description thereof 1s omitted here.

High-band part coded information and band setting infor-
mation are mput to high-band decoding section 1503 from

demultiplexing section 1501. First layer decoded spectrum
C(k) 1s mput to high-band decoding section 1503 from
orthogonal transform processing section 1404. High-band
decoding section 1503 generates a high-band part decoded
spectrum from 1nput first layer decoded spectrum C(k) and
high-band part coded information, and outputs the generated
high-band part decoded spectrum to spectrum synthesis sec-
tion 1504.

FIG. 18 15 a block diagram showing the internal configu-
ration of high-band decoding section 1503. High-band
decoding section 1503 mainly comprises demultiplexing sec-
tion 1601, filter state setting section 1602, filtering section
1603, gain decoding section 1604, and spectrum adjustment
section 1603, which perform the operations described below.
With the exception of filter state setting section 1602, the
above configuration elements perform similar processing to
that of 1dentically named configuration elements shown in
FIG. 11, and therefore descriptions thereof are omitted here.

Based on band setting immformation Band_Setting input
from demultiplexing section 1501, filter state setting section
1602 sets first layer decoded spectrum C(k) input from
orthogonal transform processing section 1404 as a filter state
used by filtering section 1603. Here, an entire frequency band
O=k<Fmax spectrum 1n filtering section 1603 1s called S(k)
for convenience. In this case, of spectrum S(k), first layer
decoded spectrum C(k) 1s stored in a low-band part
((0=k<Max1) or (0=k<Max2)) band indicated by band setting
information Band_Setting as a filter internal state (filter
state). The configuration and operation of filter state setting
section 1602 are similar to those of filter state setting section
502 shown 1n FIG. 5, and therefore a detailed description
thereof 1s omitted here.

T'his concludes a description of the processing performed
high-band decoding section 1503.

by
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Low-band part decoded spectrum S1(k) 1s 1input to spec-
trum synthesis section 1504 from low-band decoding section
1502. Also, high-band part decoded spectrum S2(%) 1s input to
spectrum synthesis section 1504 from high-band decoding
section 1503. Spectrum synthesis section 1504 adds input
low-band part decoded spectrum S1(k) and high-band part
decoded spectrum S2(%) 1n the frequency domain by means of
equation 27, and calculates addition spectrum S _ , (k). Spec-
trum synthesis section 1504 outputs calculated addition spec-

trum S_, (k) to orthogonal transform processing section
1406.

[27]

S A K)=S1{k)+S2(k)(k=0, ... . max) (Equation 27)

This concludes a description of the internal configuration
of decoding apparatus 113.

Thus, according to this embodiment, even 1n a configura-
tion using a coding/decoding method that performs band
enhancement using a low-band part spectrum and generates/
estimates a high-band part spectrum, and 1n which there 1s a
coding layer (core layer) that encodes a low band, an encod-
ing apparatus/decoding apparatus decides band setting—that
1s, which bands a low-band part and high-band part are—
adaptively according to an input signal characteristic. By this
means, high-band part spectral data such as a wideband signal
or an ultrawideband signal can be encoded efficiently, and the
quality of a decoded signal can be improved.

Specifically, band setting section 1101 compares low-band
part energy and high-band part energy of difference data
between input signal spectral data and spectral data encoded
by the core layer. Then, 11 the low-band part energy 1s signifi-
cantly greater than the high-band part energy, band setting
section 1101 sets a narrower low-band part narrower and a
wider high-band part. By this means, low-band part spectral
data that greatly influences the quality of a decoded signal
when an mput signal 1s speech can be encoded intensively by
means of a shape-gain coding method, and the quality of a
decoded signal can be increased. Also, 1f low-band part
energy 1s not that much greater than high-band part energy,
band setting section 1101 sets a wider low-band part and a
narrower high-band part. By this means, coding distortion can
be reduced with a shape-gain coding method up to a higher
band part, and bandwidth limitation that greatly influences
the quality of a decoded signal when an 1input signal 1s audio
can be improved.

In this embodiment, band setting section 1101 decides
band setting information Band_Setting based on an energy
ratio of a low-band part and high-band part of a difference
spectrum between an input spectrum and first layer decoded
spectrum. However, the present imnvention 1s not limited to
this, and can also be applied in a stmilar way to a configura-
tion whereby band setting section 1101 decides band setting,
information Band_Setting based on an energy ratio of a low-
band part and high-band part of an mput spectrum.

Also, a configuration has been described whereby a first
layer decoded spectrum 1s set as a filter state 1n high-band
decoding section 1503 1n a decoding apparatus according to
this embodiment. However, the present invention 1s not lim-
ited to this, and can also be applied 1n a similar way to a
configuration whereby a low-band part of a spectrum
obtained by adding a first layer decoded spectrum and low-
band part decoded spectrum 1n the frequency domain 1s set as
a {ilter state. By this means, a low-band part spectrum used 1n
band enhancement 1s more similar to an 1mput spectrum, so
that the precision of a low-band part used 1n band enhance-
ment 1s improved, and as a result, the quality of a decoded
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signal can be further improved. In the above configuration, it
1s necessary for a low-band part decoded spectrum to be

output to high-band decoding section 1503 from low-band
decoding section 1502.

Embodiment 3

In Embodiment 3 of the present invention, a configuration
1s described 1n which a first layer coding section that encodes
a low-band part of spectral data 1s newly provided in the same
way as 1n Embodiment 2, and the coding method described in
Embodiment 1 1s applied to difference data between nput
signal spectral data and a first layer coding section coding,
result. Below, a coding layer in which the coding method
described in Embodiment 1 1s applied 1s described as a second
layer coding section. However, 1n this embodiment, a con-
figuration 1s described whereby a band other than a band
encoded by the first layer coding section 1s encoded by the
second layer coding section. That 1s to say, a second layer
coding section of Embodiment 2 has a configuration in which
only a high-band coding section (band enhancement section)
1S present.

A communication system according to Embodiment 3 (not
shown) 1s basically similar to the communication system
shown in FI1G. 1, and differs from encoding apparatus 101 and
decoding apparatus 103 of the communication system in FIG.
1 only in parts of the configuration and operation of the
encoding apparatus and decoding apparatus. In the following
description, reference codes “121” and “123” are assigned
respectively to an encoding apparatus and decoding apparatus
of a commumnication system according to this embodiment.
Encoding Apparatus 121

FIG. 19 15 a block diagram showing the internal principal-
part configuration ol encoding apparatus 121 according to
this embodiment. Encoding apparatus 121 according to this
embodiment mainly comprises down-sampling processing
section 1001, first layer coding section 1002, first layer
decoding section 1003, up-sampling processing section
1004, orthogonal transform processing section 1005, second
layer coding section 1701, and coded information integration
section 1007. These sections perform the following opera-
tions. With the exception of second layer coding section 1701,
the above configuration elements perform the same process-
ing as configuration elements 1n encoding apparatus 111
described 1n Embodiment 2, and are therefore assigned the
same reference codes, and descriptions thereof are omitted
here.

Second layer coding section 1701 generates second layer
coded information using mnput spectrum X (k) and first layer
decoded spectrum C(k) input from orthogonal transtorm pro-
cessing section 1005, and outputs the generated second layer
coded information to coded information integration section
1007.

The internal principal-part configuration of second layer
coding section 1701 shown 1n FIG. 19 will now be described
with reference to FIG. 20.

Second layer coding section 1701 mainly comprises band
setting section 1801, high-band coding section (band
enhancement section) 1802, and multiplexing section 1803.
These sections perform the following operations.

Input spectrum X (k) and first layer decoded spectrum C(k)
are iput to band setting section 1801 from orthogonal trans-
form processing section 1005. Band setting section 1801
analyzes the spectral characteristics of input spectrum X(k)
and first layer decoded spectrum C(k). Band setting section
1801 sets a band subject to coding by high-band coding
section (band enhancement section) 1802 according to the
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analysis results, and outputs this as band setting information
to high-band coding section 1802 and multiplexing section
1803.

The band setting information calculation method used by
band setting section 1801 will now be described.

Band setting section 1801 first calculates difference spec-
trum C_ ,(k) between input spectrum X(k) and first layer
decoded spectrum C(k) by means of equation 28. In equation
28, Fmax 1s the maximum band value (maximum frequency
value).

C.,,(K)=X(k)-C{k)=0, ... Fmax) (Equation 28)

[l

Then band setting section 1801 calculates, for difference
spectrum C_ ,(k), energy (first band energy) E, of a part for
which the band 1s TH1,,,, to TH1,;,,, and energy (second
band energy) E, of a part for which the band 1s TH2,  to

Low

TH2,,,, 1n accordance with equations 29-1 and 29-2. Here,
THI1 TH1,;,,,. TH2;,,,, and TH2,, , are predetermined

Low? owW?
threshold valves, TH1, , <ITH2,  ,and TH1,, ,<TH2,, .

(Equation 29-1)

THI i [25]
E = ) Cuplh)

k=TH1 ,,
(Equation 29-2)

TH2 i o

Er= )  Cuplh)

k=TH2j .

Next, band setting section 1801 compares the magnitude of
first band energy E, calculated by means of equation 29-1 and
the magnitude of second band energy E, calculated by means
of equation 29-2, and decides band setting information Band_
Setting 1n accordance with equation 30. Here, y2 1n equation
30 1s a predetermined constant.

(Equation 30)

0 (lf k= }Q-Ez)
1 (else)

[30]
Band_Setting=

That 1s to say, band setting section 1801 sets the band
setting information Band_Setting value to 0 1t first band
energy E, 1s somewhat greater than second band energy E.,,
and sets the band setting information Band_ Setting value to 1
otherwise. Band setting section 1801 outputs decided band
setting information Band_Setting to high-band coding sec-
tion 1802 and multiplexing section 1803.

Input spectrum X(k) and first layer decoded spectrum C(k)
are input to high-band coding section 1802 from orthogonal
transform processing section 1005. Also, band setting infor-
mation Band_Setting 1s input to high-band coding section
1802 from band setting section 1801. Based on band setting
information Band_Setting, high-band coding section 1802
encodes 1nput spectrum X(k) and generates high-band part
coded mnformation (band enhancement information). Then
high-band coding section 1802 outputs the high-band part
coded mformation to multiplexing section 1803. Details of
the processing performed by high-band coding section 1802
will be given later herein.

Multiplexing section 1803 multiplexes band setting infor-

mation and high-band part coded information input from
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band setting section 1801 and high-band coding section 1802
respectively, and outputs the multiplexed mformation to
coded mnformation integration section 1007 as second layer
coded 1information. Band setting information and high-band
part coded information may also be mput directly to coded
information integration section 1007, and multiplexed by
coded information integration section 1007.

FIG. 21 1s a block diagram showing the internal configu-
ration of high-band coding section 1802. High-band coding
section 1802 1s provided with band division section 1311,
filter state setting section 1302, filtering section 1303, search
section 1305, pitch coellicient setting section 1304, gain cod-
ing section 1306, and multiplexing section 1307, which per-
form the operations described below. With the exception of
band division section 1311, the above configuration elements
perform the same processing as configuration elements
shown 1n FIG. 15, and are therefore assigned the same refer-
ence codes, and descriptions thereof are omitted here.

Input spectrum X(k) 1s input to band division section 1311
from orthogonal transform processing section 1005. Also,
band setting information Band_Setting 1s input to band divi-
s1on section 1311 from band setting section 1801. Band divi-
s1on section 1311 divides a high-band part of input spectrum
X(k) into P subbands SB, (p=0, 1, .. ., P-1) according to the
band setting mnformation Band_Setting value. Band division
section 1311 outputs bandwidth BW , (p=0, 1, ..., P-1) and
initial index BS  (p=0, 1,...,P-1)ofeach subband to filtering
section 1303, search section 1305, and multiplexing section
13077 as band division information.

Specifically, 11 the band setting information Band_Setting
value 1s 0, band division section 1311 divides a part for which
the band 1s less than or equal to Max3 (Flow=k<Max3) within
input spectrum X(k) into P subbands SB (p=0, 1, ..., P-1).
Also, 11 the band setting information Band_ Setting value 1s 1,
band division section 1311 divides a part for which the band
1s less than or equal to Max4 (Flow=k<Max4) within 1mnput
spectrum X (k) into P subbands SB,, (p=0, 1, . .., P-1). Here,
Max3 and Max4 are predetermined constants, and
Max3<Max4. Also, Flow 1s a maximum ifrequency band
value corresponding to a sampling frequency of a signal
down-sampled by down-sampling processing section 1001.
That 1s to say, 1t 1s the maximum usable frequency index of a
first layer decoded spectrum. Also, below, a part 1n subband
SB, within input spectrum X(k) 1s denoted as subband spec-
trum X (k) (BS, =k<BS_ +BW ).

The effect of the above-described kind of band division
method will now be described. Band setting information

Band_Setting is set by comparing energy (first band energy)
E, of a part for which the band 1s TH1, ,, to TH1,, , and

energy (second band energy) E, of a part for which the band
1s TH2, ,,, to TH2,, . It this band setting information Band_
Setting value 1s 0, this means that low-band side energy 1s
greater than high-band side energy. In this case, a band
encoded by high-band coding section 1802 1s given a narrow
setting (Flow=k<Max3) by band division section 1311, and
there 1s an effect of improving the quality of a decoded signal
by focusing coding on a lower band with high energy. Also, 1T
the band setting information Band_Setting value 1s 1, this
means that high-band side energy 1s greater than low-band
side energy. In this case, a band encoded by high-band coding
section 1802 1s given a wider and higher-band setting
(Flow=k<Max4) by band division section 1311, and there 1s
an eflect ol improving the quality of a decoded signal by
performing encoding up to a band on the high-band side with
high energy.

This concludes a description of the processing performed
high-band coding section 1802.

by
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This concludes a description of the configuration of encod-
ing apparatus 121.

Decoding apparatus 123 according to this embodiment wall
now be described.

FI1G. 22 15 a block diagram showing the internal principal-
part configuration ol decoding apparatus 123. Decoding
apparatus 123 mainly comprises coded information demulti-
plexing section 1401, first layer decoding section 1402, up-
sampling processing section 1403, orthogonal transform pro-
cessing section 1404, second layer decoding section 1901,
and orthogonal transform processing section 1406. With the
exception of second layer decoding section 1901, the above
configuration elements perform the same processing as con-
figuration elements 1n decoding apparatus 113 of Embodi-
ment 2, and are therefore assigned the same reference codes,
and descriptions thereof are omitted here.

Second layer decoding section 1901 generates second
layer decoded spectrum S2(%) including a high-band compo-
nent using first layer decoded spectrum C(k) input from
orthogonal transform processing section 1404 and second
layer coded information input from coded information
demultiplexing section 1401. Second layer decoding section
1901 outputs generated second layer decoded spectrum S2(k)
to orthogonal transform processing section 1406.

FIG. 23 1s a block diagram showing the internal configu-
ration of second layer decoding section 1901 shown 1n FIG.
22. Second layer decoding section 1901 mainly comprises
demultiplexing section 2001 and high-band decoding section
(band enhancement section) 2002.

Second layer coded information 1s input to demultiplexing
section 2001 from coded information demultiplexing section
1401. Demultiplexing section 2001 demultiplexes the coded
information 1nto high-band part coded information and band
setting information, and outputs these to high-band decoding
section 2002.

High-band part coded information and band setting infor-
mation are mput to high-band decoding section 2002 from
demultiplexing section 2001. High-band decoding section
2002 generates a decoded spectrum from the input high-band
part coded information and band setting mformation, and
outputs the generated decoded spectrum to orthogonal trans-
form processing section 1406.

Apart from 1nput information being a first layer decoded
spectrum rather than a low-band part decoded spectrum, the
processing performed by high-band decoding section 2002 1s
similar to that of high-band decoding section 903 shown 1n
FIG. 9, and therefore a description thereof 1s omitted here.

This concludes a description of the internal configuration
of decoding apparatus 123.

Thus, according to this embodiment, even 1n a configura-
tion using a coding/decoding method that performs band
enhancement using a low-band part spectrum and generates/
estimates a high-band part spectrum, and 1n which there 1s a
coding layer (core layer) that encodes a low band, an encod-
ing apparatus/decoding apparatus decides band setting to be
enhanced—that 1s, a spectrum of up to which band 1s gener-
ated by means of band enhancement—adaptively according
to an mput signal characteristic. By this means, high-band
part spectral data such as a wideband signal or an ultrawide-
band signal can be encoded elficiently, and the quality of a
decoded signal can be improved.

Specifically, band setting section 1801 compares low-band
part energy (first band energy) and high-band part energy
(second band energy) of difference data between input signal
spectral data and spectral data encoded by the core layer.
Then, 11 the first band energy 1s significantly greater than the
second band energy, band setting section 1801 makes a nar-
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rower setting for a high-band part generated by band enhance-
ment. By this means, middle-band part spectral data that
greatly influences the quality of a decoded signal when an
input signal 1s speech can be encoded intensively, and the
quality of a decoded signal can be increased. Here, a middle-
band part denotes a band on the low-band side even within a
high-band part when a band 1s divided 1nto a low-band part
and high-band part. Also, 1 first band energy 1s not that much
greater than second band energy, band setting section 1801
makes a wider setting for a high-band part generated by band
enhancement. By this means, bandwidth limitation that
greatly influences the quality of a decoded signal when an
iput signal 1s audio can be improved by performing band
enhancement up to a higher-band part.

In this embodiment, a configuration has been described by
way of example 1n which band setting section 1801 adjusts
the upper limit of a band of a spectrum generated by high-
band coding section 1802. However, the present invention 1s
not limited to this, and can also be applied 1n a similar way to
a configuration in which high-band coding section 1802
adjusts other than a band upper limit (for example, a band
lower limait or the like) of a spectrum generated by high-band
coding section 1802.

As described above, according to this embodiment, when
generating high-band part spectral data of a signal subject to
coding based on low-band part spectral data, an encoding
apparatus decides band setting—that 1s, which bands a low-
band part and high-band part are—adaptively according to an
input signal characteristic. By this means, high-band part
spectral data such as a wideband signal or an ultrawideband

signal can be encoded efliciently, and the quality of a decoded
signal 1n a decoding apparatus can be improved.

Embodiment 4

With the band enhancement methods disclosed 1n Patent
Literature 1 and Patent Literature 2, band setting 1s fixed
irrespective of mput signal characteristics such as described
in Embodiment 1, Embodiment 2, and Embodiment 3. Here,
an 1nput signal characteristic 1s an energy ratio between a
low-band spectrum and a high-band spectrum, tonality, or the
like. Similarly, with the band enhancement methods dis-
closed 1n Patent Literature 1 and Patent Literature 2, band
setting 1s fixed 1irrespective of conditions at the time of coding.

Band enhancement technology 1s essentially a technology
that generates spectral data of a high-band part of a signal
subject to coding 1n a pseudo fashion with very little infor-
mation (very few bits) using a low-band part spectral data
obtained by decoding high-band part spectral data. Conse-
quently, 1f the coding bit rate 1s extremely high, using a
spectrum coding method other than a band enhancement
method will often enable the quality of a decoded signal to be
improved. However, since the band enhancement methods
disclosed 1n Patent Literature 1 and Patent Literature 2 always
perform band enhancement using a fixed band setting irre-
spective o conditions at the time of coding, there 1s a problem
of coding efficiency not being high.

In Embodiment 4 of the present invention, a configuration
1s described whereby band setting 1s switched adaptively in a
band enhancement method according to conditions at the
time of coding. Below, a case 1n which a coding bitrate 1s used
as an example of conditions at the time of coding is taken by
way ol example. Here, a case 1s described by way of example
in which three bit rates—BR1, BR2, and BR3—are used as
coding bit rates. The relationship of the coding bit rates 1s
assumed to be BR1<BR2<BR3.
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A communication system according to Embodiment 4 (not
shown) 1s basically similar to the communication system
shown in FI1G. 1, and differs from encoding apparatus 101 and
decoding apparatus 103 of the communication system in FIG.
1 only in parts of the configuration and operation of the
encoding apparatus and decoding apparatus. In the following
description, reference codes “131” and “133” are assigned
respectively to an encoding apparatus and decoding apparatus
of a communication system according to this embodiment.

FI1G. 24 1s a block diagram showing the internal principal-
part configuration of encoding apparatus 131 according to
this embodiment. Encoding apparatus 131 according to this
embodiment mainly comprises down-sampling processing
section 2401, first layer coding section 2402, first layer
decoding section 2403, up-sampling processing section
2404, orthogonal transform processing section 2403, second
layer coding section 2406, and coded information integration
section 2407. These sections perform the following opera-
tions.

If the sampling frequency of input signal x, 1s designated
SR,,,,.» down-sampling processing section 2401 performs
input signal sampling frequency down-sampling from SR, ,
to SR, (where SR, <SR, ), and outputs a down-
sampled input signal to first layer coding section 2402 as a
post-down-sampling input signal.

First layer coding section 2402 performs coding on a post-
down-sampling input signal input from down-sampling pro-
cessing section 2401 using, for example, a CELP (Code
Excited Linear Prediction) type speech coding method, and
generates {irst layer coded information. Then first layer cod-
ing section 2402 outputs the generated first layer coded infor-
mation to first layer decoding section 2403 and coded infor-
mation integration section 2407,

First layer decoding section 2403 performs decoding on
first layer coded information input from first layer coding
section 2402 using, for example, a CELP speech decoding
method, and generates a first layer decoded signal. Then first
layer decoding section 2403 outputs the generated first layer
decoded signal to up-sampling processing section 2404.

Up-sampling processing section 2404 performs up-sam-
pling of the sampling frequency of a first layer decoded signal
input from first layer decoding section 2403 from SR, __ to
SR, Then up-sampling processing section 2404 outputs
an up-sampled first layer decoded signal to orthogonal trans-
form processing section 2405 as post-up-sampling first layer
decoded signal c1, .

Orthogonal transform processing section 24035 has internal
butifers buil, and bui2, (n=0, ..., N-1). Orthogonal trans-
form processing section 24035 performs a Modified Discrete
Cosine Transtorm (MDCT) on input signal x, and post-up-
sampling first layer decoded signal ¢l input from up-sam-
pling processing section 2404. Orthogonal transform pro-
cessing section 2405 performs orthogonal transform
processing of input signal X and post-up-sampling first layer
decoded signal c1,, and calculates mput spectrum X(k) and
first layer decoded spectrum C1(k). The processing per-
formed by orthogonal transtorm processing section 2405 1s
similar to the processing described in Embodiment 1, and
therefore a description thereof 1s omitted here. Orthogonal
transform processing section 2405 outputs obtained input
spectrum X(k) and first layer decoded spectrum Cl(k) to
second layer coding section 2406.

Second layer coding section 2406 generates second layer
coded information using mput spectrum X (k) and first layer
decoded spectrum C1(k) mput from orthogonal transform
processing section 2405 based on coding bit rate information

(heremaftter referred to as “bit rate information™) 1put to

10

15

20

25

30

35

40

45

50

55

60

65

30

encoding apparatus 131 from outside, and outputs the gener-
ated second layer coded information to coded information
integration section 2407. Details of second layer coding sec-
tion 2406 will be given later herein. In this embodiment, a
case will be described by way of example in which encoding
apparatus 131 uses three bit rates—BR1, BR2, and BR3—as
coding bit rates, and the relationship of the coding bit rates 1s
BR1<BR2<BR3.

Coded information integration section 2407 integrates first
layer coded imnformation iput from first layer coding section
2402, second layer coded information mput from second
layer coding section 2406, and bit rate information. Then
coded mnformation integration section 2407 adds a transmis-
sion error code or the like to the integrated information source
code 1f necessary, and then outputs this to channel 102 as
coded information.

The internal principal-part configuration of second layer
coding section 2406 shown 1n FIG. 24 will now be described
with reference to FIG. 23.

Second layer coding section 2406 mainly comprises band
enhancement coding section 2501, residual spectrum coding
section 2502, and multiplexing section 2503. These sections
perform the following operations.

First layer decoded spectrum C1(k) and mput spectrum
X(k) are mput to band enhancement coding section 2501
from orthogonal transform processing section 2405. Also, bit
rate information 1s input to band enhancement coding section
2501 from outside. Furthermore, decoded residual spectrum
D1(k)1s 1input to band enhancement coding section 2501 from
residual spectrum coding section 2502. Band enhancement
coding section 2501 calculates band enhancement coded
information from input first layer decoded spectrum C1(%),
mput spectrum X(k), bit rate information, and decoded
residual spectrum D1(k), and outputs this band enhancement
coded mformation to multiplexing section 2503. Details of
the processing performed by band enhancement coding sec-
tion 2501 will be given later herein.

First layer decoded spectrum C1(k) and mput spectrum
X(k) are mput to residual spectrum coding section 2502 from
orthogonal transform processing section 2405. Also, bit rate
information 1s mput to residual spectrum coding section 2502
from outside. Residual spectrum coding section 2502 calcu-
lates residual spectrum coded information from input first
layer decoded spectrum C1(%), mnput spectrum X(k), and bit
rate information, and outputs this residual spectrum coded
information to multiplexing section 23503. Also, residual
spectrum coding section 23502 outputs decoded residual spec-
trum D1( k) obtained by decoding the residual spectrum coded
information to band enhancement coding section 2501.
Details of the processing performed by residual spectrum
coding section 2502 and residual spectrum coded information
will be given later herein.

Multiplexing section 2503 multiplexes band enhancement
coded mformation and residual spectrum coded information
input from band enhancement coding section 2501 and
residual spectrum coding section 2502 respectively, and gen-
erates second layer coded information. Then multiplexing
section 2503 outputs the obtained second layer coded infor-
mation to coded mformation integration section 2407. Band
enhancement coded information and residual spectrum coded
information may also be mput directly to coded information
integration section 2407, and multiplexed by coded informa-
tion integration section 2407.

FIG. 26 1s a block diagram showing the internal configu-
ration of band enhancement coding section 2501. Band
enhancement coding section 2501 1s provided with band divi-
sion section 2601, addition spectrum calculation section
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2602, filter state setting section 1302, filtering section 1303,
search section 1305, pitch coelficient setting section 1304,
gain coding section 1306, and multiplexing section 1307,
which perform the operations described below. With the
exception of band division section 2601 and addition spec-
trum calculation section 2602, the above configuration ele-
ments perform similar processing to that of 1dentically named
configuration elements shown i FIG. 15, and therefore
descriptions thereot are omitted here. However, for filter state
setting section 1302 only, processing ditfers from that of the
identically named configuration element shown 1n FIG. 15 1n
terms of the name of an 1nput spectrum and the 1nput source
configuration element name.

Input spectrum X(k) 1s input to band division section 2601
from orthogonal transform processing section 2405. Also, bit
rate information 1s input to band division section 2601 from
outside. Band division section 2601 divides a high-band part
of input spectrum X(k) into P subbands SB, (p=0, 1, ..., P-1)
according to the bit rate information.

Specifically, if the bit rate information indicates that the
coding bit rate 1s BR1, band division section 2601 divides a
part for which the band 1s greater than or equal to Maxl
(Max1=k<Fmax) within input spectrum X (k) into P subbands
SB, (p=0, 1, . . ., P-1). Also, 1f the bit rate information
indicates that the coding bit rate 1s BR2, band division section
2601 divides a part for which the band 1s greater than or equal
to Max2 (Max2<k<Fmax) within input spectrum X(k) into P
subbands SB,, (p=0, 1, ..., P-1). And 1f the bit rate informa-
tion 1ndicates that the coding bit rate 1s BR3, band division
section 2601 divides a part for which the band 1s greater than
or equal to Max3 (Max3=k<Fmax) within mput spectrum
X(k) mto P subbands SB,, (p=0, 1, ..., P-1).

Here, Fmax 1s the maximum band value, and the relation-
ship of Max1, Max2, and Max3 1s Max1<Max2<Max3.

That 1s to say, 1 bit rate information indicates that the
coding bit rate 1s BR1, a wide setting 1s made for a high-band
part of an input spectrum subject to band enhancement coded
information calculation by band enhancement coding section
2501. Also, 11 bit rate information indicates that the coding bit
rate 1s BR3, a narrow setting 1s made for a high-band part of
an 1put spectrum subject to band enhancement coded infor-
mation calculation by band enhancement coding section
2501. And 11 bit rate information indicates that the coding bit
rate 1s BR2, a setting between the above two(wide setting and
narrow setting) 1s made for a high-band part of an input
spectrum subject to band enhancement coded information
calculation.

Then band division section 2601 outputs bandwidth BW
(p=0, 1, ..., P-1) and imitial index BS, (p=0,1,...,P-1)of
cach subband to filtering section 1303, search section 1305,
and multiplexing section 1307 as band division information.
Below, a part in subband SB, within input spectrum X(k) 1s
denoted as subband spectrum X (k) (BS =k<BS +BW ).

First layer decoded spectrum C1(k) 1s input to addition
spectrum calculation section 2602 from orthogonal transtform
processing section 24035. Also, decoded residual spectrum
D1(k) 1s mput to addition spectrum calculation section 2602
from residual spectrum coding section 2502. Addition spec-
trum calculation section 2602 adds these two spectra in the
frequency domain as shown in equation 31, and calculates
addition spectrum A(k). Then addition spectrum calculation
section 2602 outputs addition spectrum A(k) to filter state
setting section 1302.

[31]

AK=Cl{(k)+D1(k)(k=0,. .. Fmax) (Equation 31)
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Thereafter, 1n the same way as in Embodiment 2, band
enhancement coded information 1s generated by means of
filter state setting section 1302, filtering section 1303, search
section 1303, pitch coellicient setting section 1304, gain cod-
ing section 1306, and multiplexing section 1307, and the band
enhancement coded information 1s output to multiplexing
section 2503.

In Embodiment 2, filter state setting section 1302 set first
layer decoded spectrum C(k) mput from orthogonal trans-
form processing section 1005 as a filter state used by filtering
section 1303. In contrast, 1n this embodiment, filter state
setting section 1302 sets addition spectrum A(k) mput from
addition spectrum calculation section 2602 as a filter state
used by filtering section 1303. Then addition spectrum A(k) 1s
stored as a filter internal state (filter state) in an entire fre-
quency band O=k<Fmax spectrum S(k) low-band part
((0=k<Max1) or (0=k<Max2)) band in filtering section 1303.

FIG. 27 1s a block diagram showing the internal configu-
ration of residual spectrum coding section 2502. Residual
spectrum coding section 2502 mainly comprises coding tar-
get spectrum calculation section 2701, shape coding section
2702, gain coding section 2703, and multiplexing section
2704. These sections perform the following operations.

Input spectrum X(k) and first layer decoded spectrum
C1(%) are mnput to coding target spectrum calculation section
2701 from orthogonal transform processing section 2405.
Also, bit rate information 1s input to coding target spectrum
calculation section 2701 from outside. Coding target spec-
trum calculation section 2701 first calculates difference spec-
trum B(k) between imput spectrum X(k) and first layer
decoded spectrum C1(k). Below, apartin subband SB within

difference spectrum B(k) 1s denoted as subband spectrum
B, (k) (BS =k<BS_ +BW ).

[32]

Bky=X{k)-Cl1(k)(k=0, ... Fmax) (Equation 32)

Then, coding target spectrum calculation section 2701 sets
a partial band spectrum within difference spectrum B(k)
obtained by means of equation 32 as an coding target spec-
trum according to the bit rate information.

Specifically, if the bit rate information indicates that the
coding bit rate 1s BR1, coding target spectrum calculation
section 2701 sets a part for which the band 1s less than or equal
to Max1 (O=k<Max1) within difference spectrum B(k) as
coding target spectrum D(k). Also, 11 the bit rate information
indicates that the coding bitrate 1s BR2, band division section
2601 sets a part for which the band 1s less than or equal to
Max2 (0O=k<Max2) within difference spectrum B(k) as cod-
ing target spectrum D(k). And 11 the bit rate information
indicates that the coding bitrate 1s BR3, band division section
2601 sets a part for which the band 1s less than or equal to
Max3 (0<k<Max3) within difference spectrum B(k) as cod-
ing target spectrum D(k).

As stated above, the relationship of Max1, Max2, and
Max3 1s Max1=Max2<Max3.

That 1s to say, if bit rate information indicates that the
coding bit rate 1s BR1, coding target spectrum calculation
section 2701 makes a narrow bandwidth setting for spectrum
(coding target spectrum) D(k) subject to coding by residual
spectrum coding section 2502. Also, 1f bit rate information
indicates that the coding bit rate 1s BR3, coding target spec-
trum calculation section 2701 makes a wide coding target
spectrum bandwidth setting. And 11 bit rate information ndi-
cates that the coding bit rate 1s BR2, coding target spectrum
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calculation section 2701 sets a coding target spectrum band-
width between the above two (between wide setting and nar-
row setting).

Then coding target spectrum calculation section 2701 out-
puts set coding target spectrum D(K) to shape coding section
2702,

Shape coding section 2702 performs quantization on a
subband-by-subband basis on coding target spectrum D(k)
input from coding target spectrum calculation section 2701.
Specifically, shape coding section 2702 first divides coding
target spectrum D(k) into L subbands. Then, for each of the L
subbands, shape coding section 2702 searches an internal
shape codebook comprising SQ shape code vectors, and finds
an index of a shape code vector for which evaluation measure
Shape_q(1) in equation 33 below 1s maximal.

(Equation 33)

FBW( ) y 2 [33]

3> (Dlk+BS(j)-SC) ¢
Shape_g(i) = — -

A

BW(5) .
> SCL-SC
k=0

(j=0,... ,L-1,i=0,... ,50—-1)

In this equation, SC’; indicates a shape code vector config-
uring a shape codebook, 1 indicates a shape code vector index,
and k indicates a shape code vector element index. Also,
BW(j) represents the bandwidth of a band for which the band
index 1s 1, and BS(3) represents the minimum index of a
spectrum configuring a band for which the band index 1s .

Shape coding section 2702 outputs shape code vector index
S_max for which evaluation measure Shape q(1) 1n equation
33 above 1s maximal to multiplexing section 2704 as shape
coded mformation. Also, shape coding section 2702 calcu-
lates 1deal gain Gain_1(3) in accordance with equation 34
below, and outputs this to gain coding section 2703.

(Equation 34)
BW()) [34]
{ Z (D(k + BS()) -Squ)}
C k=0
Gain_1(j) = O
Z Scf_ma:t: _Scf_ma:::
k=0
(j=0,... ,L-1)

Also, shape coding section 2702 outputs a shape informa-
tion decoded value obtained by performing inverse quantiza-
tion (local decoding) of shape coded information to gain
coding section 2703. Here, a shape information decoded
value found as a shape value 1s denoted as Shape_q'(k).

Gain coding section 2703 directly quantizes 1deal gain
Gain_1(j) input from shape coding section 2702 1 accordance
with equation 9. Here too, gain coding section 2703 treats
ideal gain as an L-dimensional vector, searches an internal
gain codebook comprising GQ gain code vectors, and per-
forms vector quantization.

Gain coding section 2703 finds gain code vector mndex
G_min that mimimizes square error Gain_q(1) 1n equation 9.
Gain coding section 2703 outputs G_min to multiplexing
section 2704 as gain coded information.
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Also, gain coding section 2703 applies a gain information
decoded value obtained by performing mverse quantization
(local decoding) on gain coded information to a shape infor-
mation decoded value input from shape coding section 2702,
and calculates a residual spectrum decoded value (hereinatter
referred to as decoded residual spectrum D1(k)) as shown 1n
equation 33. Here, in equation 35, Shape g'(k) 1s a decoded
shape value and Gain_q'(k) indicates a decoded gain.

(Equation 33)

k=BL, ...
L L—1

, BH,

[35]
D1(k) = Gain_q{ j)-Shapeq"(k)[ 0
J=uU, ...

Then gain coding section 2703 outputs decoded residual
spectrum D1(%) to band enhancement coding section 2501.

Multiplexing section 2704 multiplexes shape coded infor-
mation and gain coded information mput from shape coding
section 2702 and gain coding section 2703 respectively, and
outputs the multiplexed information to multiplexing section
2503 as residual spectrum coded information.

This concludes a description of the configuration of encod-
ing apparatus 131.

A conceptual diagram of coding processing with an above-
described configuration and decoding processing with a con-
figuration described later herein 1s shown 1n FIG. 28. FIG. 28
1s a drawing showing conceptually a correspondence relation-
ship between an encoded/decoded spectrum band and amount
of information (coding bit rate) 1n a coding section/decoding
section of each layer.

In FIG. 28, part “A” indicates a band of a spectrum
encoded/decoded by first layer coding section 2402 and {first
layer decoding section 2403. Also, part “B” indicates a band
of a spectrum encoded/decoded by residual spectrum coding
section 2502 and residual spectrum decoding section 2902
described later herein within a band of a spectrum encoded/
decoded by second layer coding section 2406 and second
layer decoding section 2805 described later herein. And part
“C”” 1indicates a band of a spectrum encoded/decoded by band
enhancement coding section 2501 and band enhancement
decoding section 2903 described later herein within a band of
a spectrum encoded/decoded by second layer coding section
2406 and second layer decoding section 2805 described later
herein.

I1 b1t rate information indicates that the coding bit rate 1s a
low bit rate (BR1), band enhancement coding section 2501
and band enhancement decoding section 2903 make corre-
sponding part “C” wide, and residual spectrum coding section
2502 and residual spectrum decoding section 2902 make
corresponding part “B” narrow (see FIG. 28(a)). On the other
hand, 1f bit rate information indicates that the coding bit rate
1s a high bit rate (BR3), band enhancement coding section
2501 and band enhancement decoding section 2903 make
corresponding part “C” narrow, and residual spectrum coding
section 2502 and residual spectrum decoding section 2902
make corresponding part “B” wide (see F1G. 28(c)). And if bit
rate information indicates that the coding bitrate1s BR2, band
enhancement coding section 2501 and band enhancement
decoding section 2903 make a corresponding part “C” setting

approximately midway between that when the coding bit rate
1s BR1 and that when the coding bit rate 1s BR3 (see FIG.

28(b)).

Thus, 1n this embodiment, a band of a spectrum that 1s
encoded/decoded by a coding section/decoding section 1s set
adaptively according to a coding bit rate indicated by bit rate
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information. By this means, an input signal can be encoded/
decoded efliciently even 11 the coding bit rate changes.

Decoding apparatus 133 according to this embodiment will
now be described.

FIG. 29 15 a block diagram showing the internal principal-
part configuration ol decoding apparatus 133. Decoding
apparatus 133 mainly comprises coded information demulti-
plexing section 2801, first layer decoding section 2802, up-
sampling processing section 2803, orthogonal transform pro-
cessing section 2804, second layer decoding section 2805,
and orthogonal transform processing section 2806. These
sections perform the following operations.

Coded information transmitted from encoding apparatus
131 via channel 102 is mput to coded mnformation demulti-
plexing section 2801. Coded information demultiplexing sec-
tion 2801 demultiplexes the input coded information 1nto first
layer coded information, second layer coded information, and
bit rate information, outputs the first layer coded information
to first layer decoding section 2802, and outputs the second
layer coded information and bit rate information to second
layer decoding section 2805.

First layer decoding section 2802 decodes the first layer
coded mnformation mput from coded information demulti-
plexing section 2801 and generates a first layer decoded sig-
nal, and outputs the generated first layer decoded signal to
up-sampling processing section 2803. The operation of first
layer decoding section 2802 1s similar to that of first layer
decoding section 2403 shown i FIG. 24, and therefore a
detailed description thereof 1s omitted here.

Up-sampling processing section 2803 performs up-sam-
pling of the sampling frequency of a first layer decoded signal
input from first layer decoding section 2802 from SR, to
SR, and outputs an obtained post-up-sampling first layer

IRpLL?

decoded signal to orthogonal transform processing section
2804.

Orthogonal transform processing section 2804 performs
orthogonal transform processing (MDCT) on a post-up-sam-
pling first layer decoded signal input from up-sampling pro-
cessing section 2803. Then orthogonal transform processing
section 2804 outputs obtained post-up-sampling first layer
decoded signal MDCT coellicient (heremafter referred to as
first layer decoded spectrum) C1(%) to second layer decoding
section 2803. The operation of orthogonal transform process-
ing section 2804 1s similar to the processing on a post-up-
sampling first layer decoded signal by orthogonal transform
processing section 2405 shown 1n FIG. 24, and therefore a
detailed description thereof 1s omitted here.

Second layer decoding section 2805 generates output spec-
trum C2(k) using a high-band component using first layer
decoded spectrum C1(k) mput from orthogonal transform
processing section 2804 and second layer coded information
and bit rate information mnput from coded information demul-
tiplexing section 2801. Then second layer decoding section
2805 outputs generated output spectrum C2(%) to orthogonal
transform processing section 2806. Details of the processing
performed by second layer decoding section 28035 will be
given later herein.

Orthogonal transform processing section 2806 executes an
orthogonal transform on output spectrum C2(%) input from
second layer decoding section 2805, and converts it to a
time-domain signal. Orthogonal transform processing sec-
tion 2806 outputs the obtained signal as an output signal. The
operation of orthogonal transform processing section 2806 1s
similar to the processing by orthogonal transform processing
section 802 shown 1n FIG. 8, and therefore a detailed descrip-
tion thereotf 1s omitted here.
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FIG. 30 1s a block diagram showing the internal configu-
ration of second layer decoding section 2805 shown 1n FIG.
29. Second layer decoding section 2805 mainly comprises
demultiplexing section 2901, residual spectrum decoding
section 2902, and band enhancement decoding section 2903.

Second layer coded information 1s imnput to demultiplexing
section 2901 from coded imnformation demultiplexing section
2801. Demultiplexing section 2901 demultiplexes the second
layer coded imnformation into residual spectrum coded infor-
mation and band enhancement coded imnformation. Demulti-
plexing section 2901 outputs the residual spectrum coded
information to residual spectrum decoding section 2902, and
outputs the band enhancement coded information to band
enhancement decoding section 2903. If demultiplexing into
residual spectrum coded information and band enhancement
coded information has been performed 1n coded information
demultiplexing section 2801, demultiplexing section 2901
need not be provided.

Residual spectrum decoding section 2902 decodes residual
spectrum coded information mput from demultiplexing sec-
tion 2901, and calculates decoded residual spectrum D1(%).
Then residual spectrum decoding section 2902 outputs
obtained decoded residual spectrum D1(k) to band enhance-
ment decoding section 2903. Details of the processing per-
tformed by residual spectrum decoding section 2902 will be
grven later herein.

Band enhancement coded information i1s iput to band
enhancement decoding section 2903 from demultiplexing
section 2901. Also, first layer decoded spectrum C1(%) 1s
input to band enhancement decoding section 2903 from
orthogonal transform processing section 2804. Furthermore,
bit rate information 1s mput to band enhancement decoding
section 2903 from coded information demultiplexing section
2801. In addition, decoded residual spectrum D1(%) 1s input to
band enhancement decoding section 2903 from residual spec-
trum decoding section 2902. Band enhancement decoding
section 2903 calculates output spectrum C2(%) from these
items of information, and outputs this to orthogonal transform
processing section 2806. Details of the processing performed
by band enhancement decoding section 2903 will be given
later herein.

FIG. 31 1s a block diagram showing the internal configu-
ration of residual spectrum decoding section 2902. Residual
spectrum decoding section 2902 mainly comprises demulti-
plexing section 3001, shape decoding section 3002, and gain
decoding section 3003.

Residual spectrum coded information 1s input to demulti-
plexing section 3001 from demultiplexing section 2901.
Demultiplexing section 3001 demultiplexer the residual
spectrum coded information into shape coded information
and gain coded information, outputs the shape coded infor-
mation to shape decoding section 3002, and outputs the gain
coded information to gain decoding section 3003.

Shape coded mformation 1s mput to shape decoding sec-
tion 3002 from demultiplexing section 3001. Also, bit rate
information 1s input to shape decoding section 3002 from
coded information demultiplexing section 2801. Shape
decoding section 3002 incorporates a shape codebook of the
same kind as the shape codebook with which shape coding
section 2702 1s provided, and searches the shape codebook
with shape coded information S_max input from demulti-
plexing section 3001 as an index. Shape decoding section
3002 outputs a found shape code vector to gain decoding
section 3003 as a shape value of a band spectrum correspond-
ing to bit rate mformation input from coded information
demultiplexing section 2801. Here, a shape code vector found
as a shape value 1s denoted as Shape_q'(k).
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Here, shape decoding section 3002 calculates a band cor-
responding to bit rate information by means of the same kind
of method as described for coding target spectrum calculation
section 2701.

Gain decoding section 3003 incorporates a gain codebook
of the same kind as the gain codebook with which gain coding
section 2703 1s provided, and uses this gain codebook to
perform inverse quantization of a gain value from gain coded
information 1n accordance with equation 16. Here too, a gain
value 1s treated as an L-dimensional vector, and vector inverse
quantization 1s performed. That i1s to say, gain code vector
GCj“f’:—"’“’*”’E corresponding to gain coded information G_min 1s
taken directly as gain value Gain_q'(y).

Then, using a gain value obtained by inverse quantization
and a shape value input from shape decoding section 3002,
gain decoding section 3003 calculates decoded residual spec-
trum D1(%) for a band corresponding to bit rate information
input from coded information demultiplexing section 2801 1n
accordance with equation 35, and outputs calculated decoded
residual spectrum D1(%) to band enhancement decoding sec-
tion 2903. In spectrum (MDCT coellicient) inverse quantiza-
tion, 1f k 1s present in B(3") through B(3"+1)-1, gain value
Gain_qg'(j) has the value of Gain_qg'(J").

As with shape decoding section 3002, gain decoding sec-
tion 3003 calculates a band corresponding to bit rate infor-
mation by means of the same kind of method as described for
coding target spectrum calculation section 2701.

FIG. 32 1s a block diagram showing the mternal configu-
ration of band enhancement decoding section 2903 shown 1n
FIG. 30. Band enhancement decoding section 2903 mainly
comprises demultiplexing section 3101, filter state setting
section 3102, filtering section 3103, gain decoding section
3104, spectrum adjustment section 31035, and addition spec-
trum calculation section 3106.

Demultiplexing section 3101 demultiplexes band enhance-
ment coded information mput from demultiplexing section
2901 into optimum pitch coelficient T', which 1s filtering
related information, and a post-coding variation V _(j) index,
which 1s gain related information. Then demultiplexing sec-
tion 3101 outputs optimum pitch coellicient T' to filtering
section 3103, and outputs the post-coding variation V _(j)
index to gain decoding section 3104. If demultiplexing nto
optimum pitch coefficient 1" and a post-coding variation 'V _(j)
index has been performed 1n coded information demultiplex-
ing section 2801 or demultiplexing section 2901, demulti-
plexing section 3101 need not be provided.

First layer decoded spectrum C1(k) 1s mput to addition
spectrum calculation section 3106 from orthogonal transform
processing section 2804. Also, decoded residual spectrum
D1(k) 1s input to addition spectrum calculation section 3106
from residual spectrum decoding section 2902. Addition
spectrum calculation section 3106 adds these two spectra 1n
the frequency domain as shown in equation 31, and calculates
addition spectrum A(k). Then addition spectrum calculation
section 3106 outputs addition spectrum A(k) to filter state
setting section 3102.

Filter state setting section 3102 sets addition spectrum A(k)
input from addition spectrum calculation section 3106 as a
filter state used by filtering section 3103. Here, 1f an entire
frequency band O=k<Fmax spectrum 1n filtering section 3103
1s called Z(k) for convenience, of spectrum Z(k), addition
spectrum A(k) 1s stored 1n a band corresponding to bit rate
information as a {ilter internal state (filter state). The configu-
ration and operation of filter state setting section 3102 are
similar to those of filter state setting section 502 shown 1n
FIG. 5, and therefore a detailed description thereof 1s omitted
here.
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Filtering section 3103 1s provided with a multi-tap pitch
filter (that 1s, the number of taps 1s greater than 1). Filtering
section 3103 filters addition spectrum A(k) for a band corre-
sponding to bit rate information mnput from coded informa-
tion demultiplexing section 2801 based on a filter state set by
filter state setting section 3102, pitch coellicient T input from
demultiplexing section 3101, and a filter coelficient stored
internally beforehand. Then filtering section 3103 calculates
estimated spectrum X'(k) of input spectrum X(k) as shown in
equation 36.

(Equation 36)

I [36]
X'(k)= ) Bi-Ztk—T+if

i=—1

Here, filter state setting section 3102 and filtering section
3103 use a high-band part of a spectrum calculated by means
of the same kind of method as described for band division

section 2601 as a band corresponding to bit rate information.

The transier function shown in equation 13 1s also used by
filtering section 3103. Filtering section 3103 outputs esti-
mated spectrum X'(k) obtained by filtering to spectrum
adjustment section 3105.

Gain decoding section 3104 decodes a post-coding varia-
tion V_(j) index input from demultiplexing section 3101 for a
band corresponding to bit rate information input from coded
information demultiplexing section 2801, and finds post-cod-
ing variation V _(j), which 1s a variation V(j) quantization
value. Here, the gain codebook used for decoding an index of
post-coding variation V _(j) 1s incorporated in gain decoding
section 3104, and 1s similar to the gain codebook used by gain
coding section 306 shown 1n FIG. 5. Gain decoding section
3104 outputs post-coding variation V _(j) obtained by decod-
ing to spectrum adjustment section 3105.

Here, gain decoding section 3104 uses a high-band part of
a spectrum calculated by means of the same kind of method as
described for band division section 2601 as a band corre-
sponding to bit rate information.

Spectrum adjustment section 3105 multiplies estimated
spectrum X'(k) mput from filtering section 3103 by post-
coding variation V_(j) of each subband input from gain
decoding section 3104 for a high-band part specified by bit

rate mnformation input from coded information demultiplex-
ing section 2801 1n accordance with equation 37.

Here, spectrum adjustment section 3105 uses a high-band
part ol a spectrum calculated by means of the same kind of
method as described for band division section 2601 as a band
corresponding to bit rate mnformation. By this means, spec-
trum adjustment section 3105 adjusts the spectrum shape in
an estimated spectrum high-band part ((Max1=<k<Fmax) or
(Max2=k<Fmax) or (Max3=k<Fmax)), generates output
spectrum C2(k), and outputs this to orthogonal transform
processing section 2806.

(Equation 37)

C2(k) = X' (k) V() 137]

[Maxl <k < Fmax or Max2 <k < Fmax or Max3 < k < Fmax

j=0,... ,J-1



US 8,898,057 B2

39

In equation 37, j indicates a subband index when gain 1s
encoded, and 1s set according to spectrum index k. That 1s to
say, for spectrum index k included 1n a subband for which the

subband index 1s 1", estimated spectrum X'(k) 1s multiplied by
V. (")

Here, a low-band part ((O=k<<Max1) or (0=k<Max2) or
(Max3<k<Fmax)) of output spectrum C2(%) comprises addi-
tion spectrum A(k) obtained by adding first layer decoded
spectrum C1(k) and decoded residual spectrum D1(%), and a
high-band part ((Maxl=k<Fmax) or (Max2=k<Fmax) or
(Max3<k<Fmax)) of output spectrum C2(k) comprises post-
spectrum-shape-adjustment estimated spectrum X'(k).

This concludes a description of the internal configuration
of decoding apparatus 113.

Thus, according to this embodiment, an encoding appara-
tus/decoding apparatus employs a configuration whereby
band setting according to a band enhancement method 1s
switched adaptively according to conditions at the time of
coding (for example, the coding bit rate). By this means,
coding efficiency can be improved 1n line with conditions at
the time of coding.

Specifically, for example, 1f the bit rate at the time of
coding 1s a low bit rate, band division section 2601 makes a
wide setting for a band generated by means of a band
enhancement technology that 1s more effective with a low bit
rate, and makes a narrow setting for a band quantized by
means of a spectrum coding technology other than a band
enhancement technology. Also, i1 the bit rate at the time of
coding 1s a high bit rate, band division section 2601 makes a
narrow setting for a band generated by means of a band
enhancement technology, and makes a wide setting for a band
quantized by means of a spectrum coding technology (a tech-
nology other than a band enhancement technology) that
encodes a spectrum shape more precisely.

When performing band enhancement coding/decoding, an
encoding apparatus/decoding apparatus can improve the cod-
ing eificiency of band enhancement coding by using a high-
precision spectrum that can be obtained at the time of coding/
decoding (an addition spectrum resulting from addition of a
first layer decoded spectrum and decoded residual spectrum)
as a low-band part decoded spectrum. In this way, the quality
of a decoded signal can be greatly improved by means of the
method described 1n this embodiment.

In this embodiment, a configuration has been described
whereby a narrow setting 1s made for a band of a spectrum that
1s encoded/decoded by band enhancement coding section
2501 and band enhancement decoding section 2903 when bit
rate information indicates that the coding bit rate 1s the high-
est bit rate, but the present invention 1s not limited to this. For
example, the present invention can be applied in a similar way
to a configuration whereby a band of a spectrum encoded/
decoded by band enhancement coding section 2501 and band
enhancement decoding section 2903 1s eliminated. In this
case, band enhancement coding section 2501 and band
enhancement decoding section 2903 are unnecessary 1n sec-
ond layer coding section 2406 and second layer decoding
section 2805 respectively, and a spectrum of all bands
becomes subject to quantization 1n residual spectrum coding
section 2502 and residual spectrum decoding section 2902.
Also, at this time, the entire amount of information (bits) that
can be used by second layer coding section 2406 and second
layer decoding section 2805 1s assigned to residual spectrum
coding section 2502 and residual spectrum decoding section
2902. A configuration such as described above 1n which a
band encoded/decoded by a band enhancement coding sec-
tion and band enhancement decoding section 1s eliminated
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has been confirmed by experimentation to be particularly
eifective when the coding bit rate 1s extremely high.

In this embodiment, a case such as shown in FIG. 28 in
which band “C” subject to coding by band enhancement
coding section 2501 and band “B” subject to coding by
residual spectrum coding section 2502 do not overlap 1n the
frequency domain has been described as an example. How-
ever, the present invention 1s not limited to this, and can also
be applied 1n a similar way to a configuration other than that
shown 1n FIG. 28. For example, a conceptual diagram of
another configuration 1s shown 1n FIG. 33. FIG. 33 1s a draw-
ing showing conceptually another correspondence relation-
ship between an encoded/decoded spectrum band and amount
of information (coding bit rate) 1n a coding section/decoding
section of each layer.

In the case of a configuration such as shown in FIG. 33,
processing that 1s partially different from the kind of coding
processing described 1n this embodiment 1s performed. Spe-
cifically, 1n second layer coding section 2406, coding 1s {irst
performed by residual spectrum coding section 2502, and
then coding 1s performed by band enhancement coding sec-
tion 2501 using a decoded residual spectrum. However, 1n the
case of the configuration shown 1n FIG. 33, coding 1s first
performed by band enhancement coding section 2501, and an
obtained residual spectrum of a high-band spectrum and input
spectrum 1s encoded by residual spectrum coding section
2502.

In this embodiment, a configuration whereby a low-band
part 1s encoded/decoded by first layer coding section 2402
and first layer decoding section 2403 has been described as an
example, but the present invention 1s not limited to this, and
can also be applied 1n a similar way to a configuration 1n
which first layer coding section 2402 and first layer decoding
section 2403 are not present. At this time, a configuration 1s
used 1n which residual spectrum coding section 2502 and
residual spectrum decoding section 2902 encode/decode a
band set for an 1nput spectrum 1tself based on bit rate infor-
mation.

In this embodiment, no particular explanation has been
given of what kind of bit assignment 1s performed for band
enhancement coding section 2501 and residual spectrum cod-
ing section 2502 according to bit rate information at the time
of coding. An example of a possible bit assignment method 1s
the use of a configuration whereby bits assigned to band
enhancement coding section 2501 are always fixed, and bits
assigned to residual spectrum coding section 2502 are vari-
able. However, the present invention 1s not limited to a bat
assignment method for band enhancement coding section
2501 and residual spectrum coding section 2502, and can also
be applied 1n a similar way to a configuration that employs a
bit assignment method other than the above. An example of a
method other than the above 1s the use of a configuration
whereby, as a coding bit rate indicated by bit rate information
increases for band enhancement coding section 2501 and
residual spectrum coding section 2502, the number of bits
assigned to them both 1s increased. Another option 1s a con-
figuration whereby, as a coding bit rate indicated by bait rate
information increases, the number of bits assigned to band
enhancement coding section 2501 1s reduced, and the number
of bits assigned to residual spectrum coding section 2502 1s
increased.

In the above description, a case in which a coding bit rate 1s
used as an example of conditions at the time of coding has
been taken as an example, and a case 1n which band setting 1s
performed according to the coding bit rate has been
described, but provision may also be made for the input signal
sampling frequency or a coding parameter such as a quanti-
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zation gain to be used instead of the coding bit rate. If band
setting 1s performed according to the mnput signal sampling
frequency, a possible configuration example 1s one whereby
processing when the coding bit rate 1s a low bit rate in this
embodiment 1s used 11 the sampling frequency i1s greater than
or equal to a predetermined threshold value, and processing
when the coding bit rate 1s a high bit rate in this embodiment
1s used 1 the sampling frequency 1s less than the threshold
value. Also, with regard to a coding parameter such as quan-
tization gain, a possible configuration example 1s one
whereby processing when the coding bit rate 1s a low bait rate
in this embodiment 1s used 1f, for example, gain sampled by
the first layer coding section (adaptive excitation gain, fixed
excitation gain, or the like) 1s greater than or equal to a
predetermined threshold value, and processing when the cod-
ing bit rate 1s a high bit rate 1n this embodiment 1s used 11 this
gain 1s less than the threshold value.

This concludes a description of embodiments of the
present invention.

In the above embodiments, a band setting section decides
band setting information according to an energy ratio of a
low-band part and high-band part of an 1nput spectrum or a
difference spectrum between an input spectrum and first layer
decoded spectrum. However, the present invention 1s not lim-
ited to this, and can also be applied 1n a similar way to a
configuration in which band setting information 1s decided
using other information. One example of such a configuration
1s one whereby tonality analysis 1s performed on an input
spectrum or a difference spectrum between an input spectrum
and first layer decoded spectrum, and the band setting section
decides band setting information by the degree of tonality. In
this case, 1t 1s necessary for a configuration element that
calculates tonality to be newly provided. A tonality calcula-
tion method (detection method) used in this case 1s disclosed
in detail 1n Patent Literature 2 and so forth.

Specifically, i1t mput signal tonality 1s low—that 1s, 1f an
input signal has a marked tendency toward being speech—the
band setting section makes a narrower setting for a low-band
part and a wider setting for a high-band part. This corresponds
to a case 1 which the value of band setting information
Band_Setting 1s 0 1n these embodiments. By this means,
low-band part spectral data that greatly influences the quality
of a decoded signal when an 1nput signal 1s speech can be
encoded intensively by means of a shape-gain coding
method, and the quality of a decoded signal can be increased.

Also, i mnput signal tonality 1s high—that 1s, if an 1nput
signal has a marked tendency toward being audio (music)—
the band setting section makes a wider setting for a low-band
part and a narrower setting for a high-band part. This corre-
sponds to a case 1n which the value of band setting informa-
tion Band_Setting 1s 1 in these embodiments. By this means,
coding distortion can be reduced with a shape-gain coding
method up to a higher band part, and bandwidth limitation
that greatly influences the quality of a decoded signal when an
input signal 1s audio can be improved.

Also, when tonality 1s used to decide band setting informa-
tion, 11 tonality 1s calculated by a configuration element other
than the band setting section, the amount of computation
necessary for tonality calculation can be reduced by using a
configuration whereby calculated tonality 1s input to the band
setting section. In this case, 1t 1s suificient to input tonality to
the band setting section, and 1t 1s not necessary to input an
input spectrum or difference spectrum.

In the above embodiments, a case 1n which the value of
band setting information 1s one of two values, 0 or 1, has been
given as an example, but the present invention 1s not limited to
this, and can also be applied in a stmilar way to a configura-
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tion 1n which band setting information can have two or more
values. Although the number of bits (amount of information)
necessary for band setting information increases, increasing,
the possible values of band setting information and increasing
the number of band setting patterns enables band setting to be
performed that 1s more approprate for an input signal. For
example, by providing for four possible band setting values—
0, 1, 2, and 3—and setting one of these four values according
to the energy ratio of a low-band part and high-band part, a
band quantized by a coding section of each layer can be set
more finely according to the input signal.

In the above embodiments, a configuration 1n which a band
setting section performs band adjustment for each processed
frame has been described as an example. However, the
present invention 1s not limited to this, and can also be applied
in a similar way to a configuration whereby band adjustment
1s performed 1n units of processing of several frames, for
example. By means of a configuration of this kind, the amount
of processing computation by the band setting section can be
reduced, and mput signal discontinuity that may occur due to
band adjustment for each processed frame can be alleviated.

In the above embodiments, a configuration 1n which a band
setting section performs band adjustment independently for
cach processed frame has been described as an example.
However, the present invention 1s not limited to this, and can
also be applied 1n a similar way to a configuration whereby a
band of a current frame 1s adjusted (set) based on band setting
information for a past processed frame. One possible configu-
ration example 1s one whereby band setting information for
several frames back 1s used to smooth parameters (first band
energy, second band energy, and so forth) at the time of
current frame band setting on a time axis, and decide current
frame band setting information. Another possible configura-
tion example 1s one whereby band setting information itself 1s
smoothed after delaying band setting information for several
frames so that band setting information itself does not fluc-
tuate rapidly. By means of a configuration of this kind, rapid
fluctuation of band setting information for each processed
frame can be prevented, and decoded signal discontinuity that
may occur due to band adjustment for each processed frame
can be alleviated.

In above Embodiment 1 through Embodiment 3, an encod-
ing apparatus has been described as adaptively deciding an
extension band setting according to an 1nput signal charac-
teristic, and in above Embodiment 4, an encoding apparatus
has been described as adaptively deciding an extension band
setting according to a coding parameter indicating conditions
at the time of coding. However, 1t 1s also possible for an
encoding apparatus to mnput both an input signal and a coding
parameter, and decide an extension band setting based on
both an mnput signal characteristic and a coding parameter.
For example, one possible actual method 1s first to set an
extension band to some extent by means of a coding param-
cter (such as a coding bit rate), and then to perform finer
extension band setting adjustment using an mput signal char-
acteristic (such as a high-band/low-band energy ratio). By
this means, more approprate band setting can be performed,
enabling more ellicient encoding to be performed, and also
enabling the quality of a decoded signal 1n a decoding appa-
ratus to be improved. Alternatively, 1t 1s also possible for an
encoding apparatus to mnput both an input signal and a coding
parameter, to select either the mnput signal characteristic or the
coding parameter by determining which of these parameters
1s suitable for use, and to decide an extension band setting
based on the selected parameter.

An encoding apparatus and decoding apparatus according
to the present invention are not limited to the above embodi-
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ments, and 1t 1s possible for such apparatus to be implemented
with various modifications. For example, the embodiments

may be combined to be implemented as appropriate.

A decoding apparatus according to each of the above
embodiments has been assumed to perform processing using
coded mformation transmitted from an encoding apparatus
according to each of the above embodiments. However, the
present invention 1s not limited to this, and as long as coded
information includes a necessary parameter and data, 1t 1s
possible for processing to be performed with coded informa-
tion that 1s not necessarily from an encoding apparatus
according to an above embodiment.

The present invention can also be applied to, and the same
kind of operation and effects as in these embodiments can
also be obtained 1n, a case 1n which recording and writing of
a signal processing program 1s performed 1n/on/to a machine-
readable recording medium such as memory or a disk, tape,
CD, or DVD, and operation thereof 1s performed.

In the above embodiments, a case has been described by
way of example 1n which the present invention 1s configured
as hardware, but 1t 1s also possible for the present invention to
be implemented by software.

The function blocks used in the above embodiments are
implemented as LSIs typically comprising integrated cir-
cuitry. These may be implemented individually as single
chips, or a single chip may incorporate some or all of them.
Here, the term LSI has been used, but the terms IC, system
LSI, super LSI, and ultra LSI may also be used according to
differences 1n the degree of integration.

Implementation of integrated circuitry 1s not limited to an
LSI method, and implementation by means of dedicated cir-
cuitry or a general-purpose processor may also be used. An
FPGA (Field Programmable Gate Array) for which program-
ming 1s possible after LSI fabrication, or a reconfigurable
processor allowing reconfiguration of circuit cell connections
and settings within an LSI, may also be used.

Furthermore, 1n the event of the introduction of an inte-
grated circuit implementation technology whereby LSI tech-
nology 1s replaced by a different technology as an advance 1n,
or derivation from, semiconductor technology, integration of
the function blocks may of course be performed using that
technology. The application of biotechnology or the like 1s
also a possibility.

The disclosures of Japanese Patent Application No. 2009-
244838, filed on Oct. 23, 2009, and Japanese Patent Applica-
tion No. 2009-272194, filed on Nov. 30, 2009, including the
specifications, drawings and abstracts, are incorporated
herein by reference 1n their entirety.

INDUSTRIAL APPLICABILITY

An encoding apparatus, decoding apparatus, and methods
thereot according to the present invention enable the quality
of a decoded signal to be improved when performing band
enhancement using a low-band part spectrum and estimating
a high-band part spectrum, and are suitable for use 1n a packet
communication system, mobile communication system, or
the like, for example.

REFERENCE SIGNS LIST

101, 111, 121, 131 Encoding apparatus

102 Channel

103, 113, 123, 133 Decoding apparatus

201, 802, 1005, 1404, 1406, 24035, 2804, 2806 Orthogonal
transform processing section

202 Coding section
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301, 1101, 1801 Band setting section

302, 1102 Low-band coding section

303, 1103, 1802 High-band coding section

902, 1502 Low-band decoding section

903, 1503, 2002 High-band decoding section

304, 404, 507, 1104, 1204, 1307, 1803, 2503, 2704 Multi-
plexing section

401, 2701 Coding target spectrum calculation section
402, 1202, 2702 Shape coding section

403, 506, 1203, 1306, 2703 Gain coding section

501, 1301, 1311, 2601 Band division section

502, 922, 1302, 1602, 3102 Filter state setting section

503, 923, 1303, 1603, 3103 Filtering section

505, 1305 Search section

504, 1304 Pitch coellicient setting section

801 Decoding section

901, 911, 921, 1501, 1601, 2001, 2901, 3001, 3101 Demul-
tiplexing section

1504 Spectrum synthesis section

912, 3002 Shape decoding section

913, 924, 1604, 3003, 3104 Gain decoding section

925, 1605, 3105 Spectrum adjustment section

1001, 2401 Down-sampling processing section

1002, 2403 First layer coding section

1003, 1402, 2403, 2802 First layer decoding section

1004, 1403, 2404, 2803 Up-sampling processing section

1006, 1701, 2406 Second layer coding section

1007, 2407 Coded information integration section

1201 Dafference spectrum calculation section

1401, 2801 Coded information demultiplexing section

1405, 1901, 2805 Second layer decoding section

2501 Band enhancement coding section

2502 Residual spectrum coding section

2602, 3106 Addition spectrum calculation section

2902 Residual spectrum decoding section

2903 Band enhancement decoding section

The invention claimed 1s:

1. An encoding apparatus that performs band enhancement
using a low-band side spectrum and generates a high-band
side spectrum, the encoding apparatus comprising:

a band setter that inputs an mput signal of a frequency
domain and uses a characteristic of the input signal of the
frequency domain as a basis, or inputs the input signal of
the frequency domain and a coding parameter and uses
at least one of the coding parameter and a characteristic
of the input signal of the frequency domain as a basis, for
generating band setting information that decides a first
band of a high-band side set by the band enhancement;
and

a high-band encoder that encodes the mput signal of the
first band decided based on the band setting information
and generates high-band part coded information,

wherein the band setter generates the band setting infor-
mation that decides the first band and a low-band side
second band by dividing the frequency domain to the
first band and the second band,

the encoding apparatus further comprising:

a fixed-band encoder that encodes the input signal of a band
fixed beforehand 1n a low-band part of the second band
and generates fixed-band coded information; and

a low-band encoder that encodes a difference between the
input signal of the second band and the input signal of
the fixed band and generates low-band part coded 1nfor-
mation.

2. An encoding apparatus that performs band enhancement

using a low-band side spectrum and generates a high-band
side spectrum, the encoding apparatus comprising:
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a band setter that mputs an i1nput signal of a frequency

domain and uses a characteristic ol the input signal of the
frequency domain as a basis, or inputs the input signal of
the frequency domain and a coding parameter and uses
at least one of the coding parameter and a characteristic
of the input signal of the frequency domain as a basis, for
generating band setting information that decides a first

46

frequency domain as a basis, or inputs the input signal of
the frequency domain and a coding parameter and uses
at least one of the coding parameter and a characteristic
of the input signal of the frequency domain as a basis, for
generating band setting information that decides a first
band of a high-band side set by the band enhancement;
and

band of a high-band side set by the band enhancement;
and

a high-band encoder that encodes the mput signal of the 19
first band decided based on the band setting information
and generates high-band part coded information,

wherein the band setter compares energy of the input signal
of a low-band side arbitrary third band within the fre-
quency domain of the iput signal and energy of the 15
input signal of a fourth band of a higher-band side than
the third band, and generates the band setting informa-
tion that decides the first band based on a comparison
result.

3. The encoding apparatus according to claim 2, wherein 2¢

the band setter makes a narrow setting for the first band 1t

energy of the third band 1s relatively greater than energy of the . . . .
fourth band, and makes a wide setting for the first band if 5. The encoding apparatus according to claim 4, wherein

energy of the third band 1s not relatively greater than energy of the band setter makf?s a wide setting for Ifhe second band n d
the fourth band. - makes a narrow setting for the first band 1f energy of the third

band 1s relatively greater than energy of the fourth band, and
makes a narrow setting for the second band and makes a wide
setting for the first band 1f energy of the third band 1s not
relatively greater than energy of the fourth band.

a high-band encoder that encodes the mput signal of the
first band decided based on the band setting information
and generates high-band part coded information,

wherein the band setter generates the band setting infor-
mation that decides the first band and a low-band side
second band by dividing the frequency domain into the
first band and the second band,

wherein the band setter compares energy of the input signal
of a low-band side third band within the frequency
domain of the input signal and energy of the input signal
of a fourth band of a higher-band side than the third
band, and generates the band setting information that
decides the first band and the second band based on a
comparison result.

4. An encoding apparatus that performs band enhancement
using a low-band side spectrum and generates a high-band
side spectrum, the encoding apparatus comprising:

a band setter that mputs an input signal of a frequency

domain and uses a characteristic of the input signal of the S I
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